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ARITHMETIC. 

(QUESTIONS  1-75.) 

(1)  See  Art.  1. 

(2)  See  Art.  3. 

(3)  See  Arts.  5  and  6. 

(4)  See  Arts.  lO  and  11. 

(5)  980  =  Nine  hundred  eighty. 
605  =  Six  hundred  five. 

28,284  =  Twenty-eight  thousand, two  hundred  eighty-four, 
9,006,042  =  Nine  million,  six  thousand  and  forty-two. 
850,317,002  =  Eight  hundred  fifty  milHon,  three  hundred 
seventeen  thousand  and  two. 

700,004  =  Seven  hundred  thousand  and  four. 

(6)  Seven  thousand  six  hundred  =  7,600. 
Eighty-one  thousand  four  hundred  two  =  81,402. 
Five  million,  four  thousand  and  seven  =  5,004,007. 

One  hundred  and  eight  million,  ten  thousand  and  one  = 
108,010,001. 

Eighteen  million  and  six  =  18,000,006. 
Thirty  thousand  and  ten  =  30,010. 

(7)  In  adding  whole  numbers,  place  the  numbers  to  be 
added   directly  under  each  other  so   that        3  2  9  0 

the  extreme  right-hand  figures  will  stand  -q^ 

in    the    same    column,    regardless    of    the  g 6 54 0  3 

position  of  those  at  the  left.     Add  the  first  2  0  7  4 

column  of  figures  at   the   extreme   right,  g^ 

which   equals    19    units,    or   1    ten    and   9  i^ 

units.     "We    place  9  units  under  the  units  

column,  and  reserve  1  ten  for  the  column  «  '  1  «>  *»  ^     ^^^ 

For  notice  of  the  copyright,  see  i^me  immediately  foUowtnk  iitp- 
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of  tens.  14-8  +  7  +  9  =  25  tens,  or  2  hundreds  and  5 
tens.  Place  5  tens  under  the  tens  column,  and  reserve 
2  hundreds  for  the  hundreds  column.  2  +  4-1-5  +  2  =  13 
hundreds,  or  1  thousand  and  3  hundreds.  Place  3  hundreds 
under  the  hundreds  column,  and  reserve  the  1  thousand 
for  the  thousands  column.  1  +  2  +  5  +  3  =  11  thousands, 
or  1  ten-thousand  and  1  thousand.  Place  the  1  thousand  in 
the  column  of  thousands,  and  reserve  the  1  ten-thousand 
for  the  column  of  ten-thousands.  1  +  6  =  7  ten-thousands. 
Place  this  seven  ten-thousands  in  the  ten-thousands  column. 
There  is  but  one  figure  8  in  the  hundreds  of  thousands  place 
in  the  numbers  to  be  added,  so  it  is  placed  in  the  hundreds 
of  thousands  column  of  the  sum. 

A  simpler  (though  less  scientific)  explanation  of  the  same 
problem  is  the  following :  7  +  1  +  4+3  +  4+0  =  19;  write 
the  nine  and  reserve  thel.  1  +  8+7  +  0  +  0+9=  25; 
write  the  5  and  reserve  the  2.  2  +  0  +  4  +  5  +  2=13: 
write  the  3  and  reserve  the  1.  1+2  +  5  +  3  =  11;  write 
the  1  and  reserve  1.  1+6  =  7;  write  the  7.  Bring  down 
the  8  to  its  place  in  the  sum. 


(8) 


709 

8304725 

391 

100302 

300 

909 

8407336 

Ans. 


(9)  {a)  In  subtracting  whole  numbers,  place  the  sub- 
trahend or  smaller  number  under  the  minuend  or  larger 
number,  so  that  the  right-hand  figures  stand  directly  under 
each  other.  Begin  at  the  right  to  subtract.  We  can  not 
subtract  8  units  from  2  units,  so  we  take  1  ten  from  the 
6  tens  and  add  it  to  the  2  units.  As  1  ten  —  10  units,  we 
have  10  units +  2  units  =12  units.  Then,  8  units  from 
12  units  leaves  4  units.     We  took  1  ten  from   6  tens,  so 
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only  5  tens  remain.  3  tens  from  5  tens  50952 
leaves  2  tens.  In  the  hundreds  column  we  3333 
have    3   hundreds   from  9  hundreds   leaves 


6  hundreds.  We  can  not  subtract  3  thou-  "^  '^  ^  ^  4  Ans. 
sands  from  0  thousands,  so  we  take  1  ten-thousand  from 
5  ten-thousands  and  add  it  to  the  0  thousands.  1  ten- 
thousand=\0  thousands,  and  10  thousands -f  0  thousands 
=  10  thousands.  Subtracting,  we  have  3  thousands  from 
10  thousands  leaves  7  thousands.  We  took  1  ten-thousand 
from  5  ten-thousands  and  have  4  ten-thousands  remaining. 
Since  there  are  no  ten-thousands  in  the  subtrahend,  the 
4  in  the  ten-thousands  column  in  the  minuend  is  brought 
down  into  the  same  column  in  the  remainder,  because  0  from 
4  leaves  4. 

{b)   15339 
10001 


53  38  Ans. 

(lO)  {a)   70968         {b)   100000 
32975  98735 


3  7993  Ans.         1265  Ans. 

(11)     We  have  given  the  minuend  or  greater   number 
(1,004)  and  the  difference  or  remainder  (49).     Placing  these 

1004 
in  the  usual  form  of  subtraction  we  have     in  which 

49 

the  dash  ( )  represents  the  number  sought.     This  number 

is   evidently  hss  than    1,004   by  the   difference   49,  hence, 
1,004  —  49  =  955,  the  smaller  number.     For  the  sum  of  the 

1004  larger 
two  numbers  we  then  have     9  5  5  smaller 

19  5  9  sum.     Ans. 

Or,  this  problem  may  be  solved  as  follows:  If  the  greater 

of  two  numbers  is  1,004,  and  the  difference  between  them  is 

49,  then   it  is  evident  that  the   smaller  number  must  be 

equal  to  the  difference  between  the  greater  number  (1.004) 
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and  the  difference  (49);  or,  1,004  —  49  =  955,  the  smaller 

number.      Since  the  greater  number  equals  1,004  and  the 

smaller  number  equals  955,  their  sum  equals  1,004  +  955 
=  1,959  sum.     Ans. 

(12)     The  numbers  connected  by  the  plus  (+)  sign  must 
first  be  added.     Performing  these  operations  we  have 
5963  3874 

8471  2039 

9023  5913  sum. 


2  3  4  5  6  sum. 
Subtracting  the  smaller  number  (5,913)  from  the  greater 
(23,456)  we  have 

23456 
5913 


17  5  4  3  difference.     Ans. 

(13)     $44675  =  amount  willed  to  his  son. 

2  6  3  8  0  =  amount  willed  to  his  daughter. 
$71055  =  amount  willed  to  his  two  children. 
$125000  =  amount    willed    to   his   wife    and   two 
children. 
710  5  5  =  amount  willed  to  his  two  children. 


$53945  =  amount  willed  to  his  wife.      Ans. 

(14)  In  the  multiplication  of  whole  numbers,  place  the 
multiplier  under  the  multiplicand,  and  multiply  each  term 
of  the  multiplicand  by  each  term  of  the  multiplier,  writing 
the  right-hand  figure  of  each  product  obtained  under  the 
term  of  the  multiplier  which  produces  it. 
{a)  7x7  units  =  49  units,  or  4  tens  and  9 

5  2  6  3  8  7  units.     We  write  the  9  units  and  reserve 

7  the  4  tens.     7  times  8  tens  =  56  tens  ; 

3  6  8  4  7  0  9  Ans.  ^6  tens  +  4  tens  reserved  =  60  tens  or 
6  hundreds  and  0  tens.  Write  the  0 
tens  and  reserve  the  6  hundreds.  7  X  3  hundreds  =  21  hun- 
dreds; 21  -}-  6  hundreds  reserved  =  27  hundreds,  or  2  thou- 
sands and  7  hundreds.     Write  the  7  hundreds  and  reserve 
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the  2  thousands.  7x6  thousands  =  42  thousands;  42 
+  2  thousands  reserved  =  44  thousands  or  4  ten-thousands 
and  4  thousands.  Write  the  4  thousands  and  reserve  the 
4  ten-thousands.  7x2  ten-thousands  =  14  ten-thousands ; 
14  _j_  4  ten-thousands  reserved  =  18  ten-thousands,  or 
1  hundred-thousand  and  8  ten-thousands.  Write  the  8  ten- 
thousands  and  reserve  the  1  hundred-thousand.  7x5  hun- 
dred-thousands =  35  hundred-thousands;  35 -|- 1  hundred- 
thousand  reserved  =  36  hundred-thousands.  Since  there 
are  no  more  figures  in  the  multiplicand  to  be  multiplied, 
we  write  the  36  hundred-thousands  in  the  product.  This 
completes  the  multiplication. 

A  simpler  (though  less  scientific)  explanation  of  the  same 
problem  is  the  following: 

7  times  7  =  49 ;  write  the  9  and  reserve  the  4.  7  times 
8  =  56;  56  +  4  reserved  =  60 ;  write  the  0  and  reserve  the  6. 
7  times  3  =  21;  21  -f  6  reserved  =  27;  write  the  7  and  re- 
serve the  2.  7  X  6  =  42;  43  +  2  reserved  =  44;  write  the 
4  and  reserve  4.  7  X  2  =  14;  14  -}-  4  reserved  =  18;  write 
the  8  and  reserve  the  1.  7x5  =  35;  35  +  1  reserved  =  36; 
write  the  36. 

In  this  case  the  multiplier  is  17 
units,  or  1  fen  and  7  units,  so  that     {^)      7  0  0  2  9  8 

the  product  is  obtained  by  adding  1_7 

two  partial  products,  namely,  7x  490  2  086 

700,298    and    10  X  700,298.      The  700298 

actual  operation  is  performed  as  11905066     Ans. 

follows : 

7  times  8  =  56 ;  write  the  6  and  reserve  the  5.  7  times  9  = 
63;  63  +  5  reserved  =68;  write  the  8  and  reserve  the  6. 
7  times  2  =  14;  14  +  6  reserved  =  20;  write  the  0  and  re- 
serve the  2.  7  times  0  =  0;  0  +  2  reserved  =  2 ;  write  the  2. 
7  times  0  =  0 ;  0  +  0  reserved  =  0 ;  write  the  0.  7  times  7  = 
49;  49  +  0  reserved  =  49;  write  the  49. 

To  multiply  by  the  1  ten  we  say  1  times  700298  =  700298, 
and  write  700298  under  the  first  partial  product,  as  shown, 
with  the  right-hand  figure  8  under  the  multiplier  1.  Add  the 
two  partial  products;  their  sum  equals  the  entire  product. 
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(c)         217  Multiply  any  two  of  the  numbers  together 

103  and   multiply   their    product   by   the    third 

6  51  number. 
2170 


22351 

6^ 

156457 
134106 
14  9  7  517  Ans. 

(15)  If  your  watch  ticks  every  second,  then  to  find  how 
many  times  it  ticks  in  one  week  it  is  necessary  to  find  the 
number  of  seconds  in  1  week. 

6  0  seconds  =  1  minute. 
6  0  minutes  =  1  hour. 
3  6  0  C  seconds  =  1  hour. 
2  4  hours  =  1  day. 


14400 
7200 


8  6  4  0  0  seconds  =  1  day. 
7  days  =  1  week. 


6  0  4  8  0  0  seconds  in  1  week  or  the  number  of  times  that 
Ans.  your  watch  ticks  in  1  week. 

(16)     If  a  monthly  publication  contains  24  pages,  a  yearly 

2  4        volume  will  contain  12x24  or  288  pages,  since 

12         there  are  12  months  in  one  year;  and  eight 

2gg         yearly  volumes  will  contain  8x288,  or  2,304 

8         pages. 


2  3  0  4     Ans. 

(17)  If  an  engine  and  boiler  are  worth  $3,246,  and  the 
building  is  worth  3  times  as  much,  plus  $1,200,  then  the 
building  is  worth 

$3246 

3 

9738 
plus     12  0  0 

$10  9  3  8  =  value  of  building. 
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If  the  tools  are  worth  twice  as  much  as  the  building,  plus 
11,875,  then  the  tools  are  worth 

110938 
2 


21876 
plus        18  7  5 


$  2  3  7  5  1  =  value  of  tools. 
Value  of  building  =  $10938 
Value  of  tools        =     2  3  7  51 


13  4  6  8  9  =  value  of   the  building 
and  tools,     {a)  Ans. 
Value  of  engine  and 

boiler  =  $    3  2  4  6 
Value  of  building 

and  tools  =    3  4  6  8  9 


$  3  7  9  3  5  =  value    of    the    whole 
plant,     {b)  Ans. 

(18)     {a)  (72  X  48  X  28  X  5)  ^  (96  X  15  X  7  X  6). 
Placing  the  numerator  over  the  denominator  the  problem 
becomes 

72  X  48  X  28  X  5  ^ 
96  X  15  X  7  X  6 

The  5  in  the  dividend  and  15  in  the  divisor  are  both  divis- 
ible by  5,  since  5  divided  by  5  equals  1,  and  15  divided  by 
6  equals  3.  Cross  off  the  5  and  write  the  1  over  it ;  also  cross 
off  the.  15  and  write  the  3  under  it.     Thus, 

1 

72  X  48  X  28  X  ^  ^ 
96  X  ;p  X  7  X  6 
3 

The  5  and  15  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  1  and  3  placed  in  their 
stead,  and  treated  as  if  the  5  and  15  never  existed.     Thus, 

72  X  48  X  28  X  1  ^ 
96  X  3  X  7  X  6 
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72  in  the  dividend  and  96  in  the  divisor  are  divisible  by  12, 
since  72  divided  by  12  equals  6,  and  96  divided  by  12  equals 
8.     Cross  off  the  72  and  write  the  6  over  it ;  also,  cross  off 
the  96  and  write  the  8  under  it.     Thus, 
6 

;r^  X  48  X  28  X 1  _ 

^^X3x7x6~ 
8 
The  72  and  96  are  not  to  be  considered  any  longer,  and, 
in  fact,  may  be  erased  entirely  and  the  6  and  8  placed  in 
their  stead,  and  treated  as  if  the  72  and  96  never  existed. 
Thus, 

6  X  48  X  28  X  1  ^ 

8X3X7X6    ~ 

Again,  28  in  the  dividend  and  7  in  the  divisor  are  divisible 

by  7,  since  28  divided  by  7  equals  4,  and  7  divided  by  7 

equals  1.     Cross  off  the  28  and  write  the  4  over  it;  also,  cross 

off  the  7  and  write  the  1  under  it.     Thus, 

4 

6  X  48  X  ^^  X  1  ^ 
8x3x^x6 
1 

The  28  and  7  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  4  and  1  placed  in  their 
stead,  and  treated  as  if  the  28  and  7  never  existed.     Thus, 

6X48X4X1  ^ 

8X3X1X6    ~ 

Again,  48  in  the  dividend  and  6  in  the  divisor  are  divisible 

by  6,  since  48  divided  by  6  equals  8,  and  6  divided  by  6  equals 

1.     Cross  offxhe.  48  and  write  the  8  over  it;  also,  cross  off 

the  6  and  write  the  1  under  it.     Thus, 

8 
6  X  48  X  4  X  1 


8X  3xlX^  ~ 
1 
The  48  and  6  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  8  and  1  placed  in  their 
stead,  and  treated  as  if  the  48  and  6  never  existed.     Thus, 
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6X8X4X1_ 

8x3xlXl~ 
Again,  6  in  the  dividend  and  3  in  the  divisor  are  divisible 
by  3,  since  6  divided  by  3  equals  2,  and  3  divided  by  3  equals 
1.     Cross  off  the  6  and  write  the  2  over  it;  also,  cross  off  the 
3  and  write  the  1  under  it.     Thus, 

2 
^X8x4xl^ 

8x^x1x1 

1 

The  6  and  3  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  2  and  1  placed  in  their 
stead,  and  treated  as  if  the  6  and  3  never  existed.     Thus, 

2X8X4X1_ 
SxlXlXl" 

Canceling  the  8  in  the  dividend  and  the  8  in  the  divisor, 
the  result  is 

1 
2x^x4xl_2xlx4xl 

^xlxlxl  ixlxlxl' 
1 

Since  there  are  no  two  remaining  numbers  (one  in  the 
dividend  and  one  in  the  divisor)  divisible  by  any  numbtr  ex- 
cept 1,  without  a  remainder,  it  is  impossible  to  cancel  further. 

Multiply  all  the  uncanceled  numbers  in  the  dividend 
together,  and  divide  their  product  by  the  product  of  all 
the  uncanceled  numbers  in  the  divisor.  The  result  will  be  the 
quotient.  The  product  of  all  the  uncanceled  numbers  in 
the  dividend  eqn^Xs  2x1x4x1  =  8;  the  product  of  all  the 
uncanceled  numbers  in  the  divisor  equals  1x1x1x1=1. 

M.,,.^        2X1X4X1   8   _   . 
^'"'"'        1X1X1X1  =  1  =  ^-  ^^• 

2 

0^41 

Or,  txf,xf\f  =  ^  =  8.     Ans. 

96  X  ;;>  X  7  X  t>      1 

f    ■  ?>  1 

1       1 
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{b)  (80  X  60  X  50  X  IG  X  14)  -^  (70  X  50  X  24  X  20). 
Placing  the  numerator  over  the  denominator,  the  problem 

becomes 

80  X  60  X  50  X  16  X  14  ^  ^ 

70  X  50  X  24  X  20       ~  " 

The  50  in  the  dividend  and  70  in  the  divisor  are  both  divis- 
ible by  10,  since  50  divided  by  10  equals  5,  and  70  divided 
by  10  equals  7.  Cross  offihe.  50  and  write  the  5  over  it; 
also,  cross  off  the  70  and  write  the  7  under  it.     Thus, 

5 
80  X  60  X  ^0  X  16  X  14  ^ 

;p  X  50  X  24  X  20 

7 

The  50  and  70  are  not  to  be  considered  any  longer,  and; 
in  fact,  may  be  erased  entirely  and  the  5  and  7  placed  in 
their  stead,  and  treated  as  if  the  50  and  70  never  existed. 

Thus, 

80  X  60  X  5  X  16  X  14  _ 
7  X  50  X  24  X  20       ~ 

Also,  80  in  the  dividend  and  20  in  the  divisor  are  divisible 
by  20,  since  80  divided  by  20  equals  4,  and  20  divided  by  20 
equals  1.  Cross  off  the  80  and  write  the  4  over  it;  also, 
cross  off  the  20  and  write  the  1  under  it.     Thus, 

4 

^0  X  60  X  5  X  16  X  14  _ 

7  X  50  X  24  X  ^0      ~ 
1 

The  80  and  20  are  not  to  be  considered  any  longer,  and, 
in  fact,  may  be  erased  entirely  and  the  4  and  1  placed  in 
their  stead,  and  treated  as  if  the  80  and  20  never  existed. 
Thus, 

4  X  60  X  5  X  16  X  14  _ 
7  X  50  X  24  X  1       "" 

Again,  16  in  the  dividend  and  24  in  the  divisor  are  divisible 
by  8,  since  16  divided  by  8  equals  2,  and  24  divided  by  8 
equals  3.  Cross  off  the  16  and  write  the  2  over  it;  also  cross 
off  the  24  and  write  the  3  under  it.     Thus, 


ARITHMETIC.  11 

2 
4  X  60  X  5  X  ;0  X  14  _ 

7  X  50  X  ^^  X  1 
3 

The  16  and  24  are  not  to  be  considered  any  longer,  and, 
in  fact,  may  be  erased  entirely  and  the  2  and  3  placed  in 
their  stead,  and  treated  as  if  the  16  and  24  never  existed. 
Thus, 

4X60X5X2X14^ 
7  X  50  X  3  X  1 

Again,  60  in  the  dividend  and  50  in  the  divisor  are  divis- 
ible by  10,  since  60  divided  by  10  equals  6,  and  50  divided  by 
10  equals  5.  Cross  off  the  60  and  write  the  6  over  it;  also, 
cross  off  the  50  and  write  the  5  tinder  it.     Thus, 

6 
4x^0x5x2xl4_ 

7  X  ^P  X  3  X  1 
5 

The  60  and  50  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  6  and  5  placed  in  their 
stead,  and  treated  as  if  the  60  and  50  never   existed.     Thus, 

4x6x5x2xl4_ 
7X5X3X1 
The  14  in  the  dividend  and  7  in  the  divisor  are  divisiblehy 
7,  since  14  divided  by  7  equals  2,  and  7  divided  by  7  equals  1. 
Cross  offiht  14 and  write  the  2  over  it;  also,  cross  off  the  7 
and  write  the  1  under  it.     Thus, 

2 

4x6x5x2x;^^ 
jTx  5  X  3  X  1 
1 

The  14  and  7  are  not  to  be  considered  any  longer,  and,  in 
fact,  may  be  erased  entirely  and  the  2  and  1  placed  in  their 
stead,  and  treated  as  if  the  14  and  7  never  existed.     Thus, 

4X6X5X2X2_ 
1X5X3X1 
ZrM.   /;.  \  I.     -' 
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The  5  in  the  dividend  and  5  in  the  divisor  are  divis- 
ible by  5,  since  5  divided  by  5  equals  1.  Cross  off  the  5 
of  the  dividend  ?ir\d  write  the  1  over  it;  also,  cross  off  the  5 
of  the  divisor  and  write  the  1  under  it.     Thus, 

1 
4x6x^X  2x2^ 

1x^x3x1 

1 

The  5  in  the  dividend  and  5  in  the  divisor  are  not  to  be 
considered  any  longer,  and,  in  fact,  may  be  erased  entirely 
and  1  and  1  placed  in  their  stead,  and  treated  as  if  the  5  and 
5  never  existed.     Thus, 

4X6X1X2X2_ 
1X1X3X1  ~ 

The  6  in  the  dividend  and  3  in  the  divisor  are  divisible  by 
3,  since  6  divided  by  3  equals  2,  and  3  divided  by  3  equals  1. 
Cross  off  the  6  and  place  2  over  it ;  also,  cross  off  the  3  and 
place  1  under  it.     Thus, 

2 
4xMlx2x2_ 

1x1x^x1    ~ 
1 

The  6  and  3  are  not  to  be  considered  any  longer,  and,  in 

fact,  may  be  erased  entirely  and  2  and    1  placed  in  their 

stead,  and  treated  as  if  the  6  and  3  never  existed.     Thus, 

4x2x1x2x2      32      ^^       . 
— ^ ^ q T —  =  -q-  =  32.     Ans. 

1x1x1x1         1 
2       1 
4       0^22 
H,„p,  ^0X  00X  ^0x;0x;^_  4x2x1  X2x2_  32  _,, 

'   y^x^^x^^x^p   ~  1x1x1x1  "  1  ~ 
;     ^     ^     1  ^"S- 

111 

(19)     28   acres   of    land   at   $133   an   acre    would    cost 
28  X  $133  =  13,724. 
28 
1064 
266 
$3724 
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If  a  mechanic  earns  $1,500  a  year  and  his  expenses  are 
1968  per  year,  then  he  would  save  $1500— $968,  or  $532 
per  year.  9  6  8 

$532 

If  he  saves  $532  in  1  year,  to  save  $3,724  it  would  take  as 
many  years  as  $532  is  contained  times  in  $3,724,  or  7  years. 

532)3724(7  years.     Ans. 
3724 


(20)  If  the  freight  train  ran  365  miles  in  one  week,  and 
3  times  as  far  lacking  246  miles  the  next  week,  then  it  ran 
(3  X  365  miles)  —  246  miles,  or  849  miles  the  second  week. 
Thus,  365 

3 


1095 
246 


difference       849  miles.     Ans. 

(21)  The  distance  from  Philadelphia  to  Pittsburg  is  354 
miles.  Since  there  are  5,280  feet  in  one  mile,  in  354  mi'es 
there  are  354  X  5,280  feet,  or  1,869,120  feet.  If  the  driving 
wheel  of  the  locomotive  is  16  feet  in  circumference,  then  in 
going  from  Philadelphia  to  Pittsburg,  a  distance  of  1,869,- 
120  feet,  it  will  make  1,869,120  -r-  16,  or  116,820  revolutions. 

16)1869120(116820  rev.  Ans. 
16 

16 

109 
96 

131 

128 

32 
32 

~0 
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(22)      {a)  576)589824(1024     Ans. 
576 
1382 
1152 


2304 
2304 


(6)  43  911)369730620(8420  Ans. 

351288 
184426 
175644 


87822 
87822 


0 

(c)  605)2527525(5005  Ans. 

2525 


2525 
2525 

{d)       1234)4961794302(4020903  An& 
4936 


2579 
2468 

11143 
11106 


3702 
3702 

(23)  The  harness  evidently  cost  the  difference  between 
1444  and  the  amount  which  he  paid  for  the  horse  and  wagon. 

Since  $264+  $153  =  $417,  the  amount  paid  for  the  horse 
and  wagon,  $444  —  $417  =  $27,  the  cost  of  the  harness. 

$264  $444 

153  417 


$  4 1  7  $  2  7     Ans. 
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(24)     (a)  1024 

576 


6144 
7168 
5120 

6  8  9  8  2  4  Ans. 


(d)  5005 

505 


(c) 


2  5  0  2  5 

250250 

2527525 

43911 

8  420 

8  7  8  2  2  0 

175644 

351288 

Ans. 


369730620  Ans. 

(25)  Since  there  are  12  months  in  a  year,  the  number  of 
days  the  man  works  is  25  X  12  =  300  days.  As  he  works  10 
hours  each  day,  the  number  of  hours  that  he  works  in  one 
year  is  300  x  10  =  3,000  hours.  Hence,  he  receives  for  his 
work  3,000  X  30  =  90,000  cents,  or  90,000  -^  100  =  $900.  Ans. 

(26)  See  Art.  71. 

(27)  See  Art.  77. 

(28)  See  Art.  73. 

(29)  See  Art.  73. 

(30)  See  Art.  75. 

13 

(31)  -^  is  an  improper  fraction,  since  its  numerator  13 

is  greater  than  its  denominator  8. 

(32)  4:i4:'*4 
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(33)  To  reduce  a  fraction  to  its  lowest  terms  means  to 
change  its  form  without  changing  its  value.  In  order  to  do 
this,  we  must  divide  both  numerator  and  denominator  by 
the  same  number  until  we  can  no  longer  find  any  num- 
ber (except  1)  which  will  divide  both  of  these  terms  without 
a  remainder. 

4 
To  reduce  the  fraction  —   to  its  lowest  terms   we   divide 
o 

both   numerator  and    denominator   by  4,  and  obtain  as  a 

1  4—41.  4—4 
result  the  fraction  — .    Thus,  -       ^  =  -;  similarly,  -—       ,  = 

2  8-^4       2  lfa-j-4 

=  -.     Ans. 


1 

8  -^4     2  -f-2     1 

32-4-8       4  -^  4     1 

4' 

32  ^  4     8-^2      4  ' 

G4  ^  8       8-4-4      2 

(34)  When  the  denominator  of  any  number  is  not 
expressed,  it  is  understood  to  be  1,  so  that  —  is  the  same  as 

6  -4-  1,  or  6.     To  reduce  -  to   an   improper   fraction  whose 

denominator  is  4,  we  must  multiply  both   numerator  and 
denominator  by  some  number  which  will  make  the  denomi- 
nator of  6  equal  to  4.     Since  this  denominator  is  1,  by  mul- 
tiplying both  terms  of  —   by  4  we  shall   have  —         —  ■— 
^  ^     ^  I      ^  1X44 

which  has  the  sa7/ie  value  as  6,  but  has  a  different  form.     Ans. 

(35)  In  order  to  reduce  a  mixed  number  to  an  improper 
fraction,  we  must  multiply  the  whole  number  by  the  denom- 
inator of  the  fraction  and  add  the  numerator  of  the  fraction 
to  that  product.  This  result  is  the  numerator  of  the  ijnproper 
fraction.,  of  which  the  denominator  is  the  denominator  of  the 
fractional  part  of  the  m.ixed  number. 

7- means  the  same  as  7  -|-  s"-     ^^  1  there  are—,  hence  in 
8  8  8 

7  there  are  7  X  5-  =  -^ ;   -3-  plus  the  -  of  the  mixed  number 

8         8        8  8 

=  —  -}--  =  —,  which  is  the  required  improper  fraction. 
8        8         8 

5  _  (13  X  16)  + 5  _  213         3  _  (10  X  4)  +  3  _  43 

16"  16  16  '       4  ~  4  ~  4* 
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(36)  The  value  of  a  fraction  is  obtained  by  dividing  the 

numerator  by  the  denominator. 

13 
To  obtain  the  value  of  the  fraction  —  we  divide  the  num- 

erator  13  by  the  denominator  2.     2  is  contained  in  13  six 
times,  with  1  remaining.     This  1  remaining  is  written  over 

the  denominator  2,  thereby  making  the  fraction  — ,  which  is 

At 

annexed  to  the  whole  number  6,  and  we  obtain  6-  as  the 

Af 

mixed  number.     The  reason  for  performing  this  operation  is 

2  .     13        . 

the  following:  In  1  there  are  —  (two  halves),  and  in  —  (thir- 

teen  halves)  there  are  as  many  units  (1)  as  2  is  contained 

times  in  13,  which  is  6,  and  —  (one-half)  unit  remaining. 

13  11 

Hence,  —  =  6  +  k-  =  6^>  the  required  mixed  number.    Ans. 

^^-4i       Ans       ^^-4l       Ans       ^^-2       Ans       ^^ - 
--4^.      Ans.      j^-4^.      Ans.      -  _  2.      Ans.      -_ 

1-.     Ans. 

(37)  In  division  of  fractions,  invert  the  divisor  (or,  in 
other  words,  turn  it  upside  down)  and  proceed  as  in  multi- 
plication. 


,^x  35  .    5  _35      16_35Xl6_o60_ 
^^^  ^^   •   16        1^5          1X5           5         ^^^• 

Ans. 

/M      9                9    .   3  _  9        1  _  9  X  1         9 
^  ^     16   •           16   ■   1       16      3       16  X  3       48' 

=  1.    Ans 

,.      17              17  .  9       17      1       17  X  1       17 
^^      2                2       1~"2^9~2X9~18' 

Ans. 

,,.     113.    7       113      16       113X16       1,808 
^    '      64    •   16       64  ^^   7  ~     64X  7    ~    448 

452 

"112" 

1 
28  )  1 1  3  ( 4-^.     Ans. 

112      ^^ 
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3  3 

(^A     15 — h  4-  =  ?     Before  proceeding  with  the  division, 

4  8 

reduce  both  of  the  mixed  numbers  to  improper  fractions. 

Thus  i53_(15x4)  +  3_60  +  3_63  ^^^  ^3  ^  (4_x8)  +  3^ 
i  nus,  l&^  -  ^  _      ^     _  ^  ,  ana  4g  _  ^ 

32  +  3      35      „,  ,  ,        .  63      35      ,      .     ,    ,  _ 

— ^^^—  =  — .     The  problem  is  now  — -  -^  — -  =  ?     As  before, 
8  8^  48 

1      J-    •  J        1.-   1       63     35      63^    8       63  X  8 

invert  the  divisor  and  multiply ;  -t~^~q—T^ 


4  '    8       4      35     4  X  35 
504  _  252  _  126  _  18 
140  ~  70  ~  35  -  5' 

5)18(3^    Ans. 
]_5      ^ 
3 

When  the  denoviinators  of  the  fractions  to  be  added  are 
alike,  we  know  that  the  units  are  divided  into  the  same 
number  of  parts  (in  this  case  eighths) ;  we,  therefore,  add  the 
tiumerators  of   the  fractions  to  find  the  number  of  parts 

(eighths)  taken  or  considered,  thereby  obtaining  —  or  1  as 

o 

the  sum. 

(39)  When  the  denominators  are  not  alike  we  know  that 
the  units  are  divided  into  imequal  parts,  so  before  adding 
them  we  must  find  a  common  denominator  for  the  denom- 
inators of  all  the  fractions.  Reduce  the  fractions  to  fractions 
having  this  common  denominator,  add  the  numerators  and 
write  the  sum  over  the  common  denominator. 

In  this  case,  the  least  common  denominator,  or  the  least 
number  that  will  contain  all  the  denominators,  is  16;  hence, 
we  must  reduce  all  these  fractions  to  sixteenths  and  then  add 
their  numerators. 

13        5  1 

7-  +  5"  +  T7  =  ?     To  reduce  the  fraction  —  to  a  fraction 
4       o       lb  4 

having  16  for  a  denominator,  we  must  multiply  both  terms 
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of  the  fraction  by  some  number  which  will  make  the  denom- 

1x4        4 
inator  16.     This  number  evidently  is  4,  hence,  —         =  — ■. 

3 

Similarly,  both  terms  of  the  fraction  —  must  be  multiplied 

8 

by  2  to  make  the  denominator  16,  and  we  have  —         =t^- 

b    X    /i  lO 

The  fractions  now  have  a  common  denominator  16;  hence, 
we  find  their  sum  by  adding  the  numerators  and  placing  their 

sum  over  the  common  denominator,  thus :  tt:  +  tt;  +  77:  = 

lb       lb      lo 

4+6  +  5       15       . 

— ■ ■ —  =  — -.     Ans. 

16  16 


(40)  When  mixed  numbers  and  whole  numbers  are  to  be 
added,  add  the  fractional  parts  of  the  mixed  numbers  sep- 
arately, and  if  the  resulting  fraction  is  an  improper  fraction, 
reduce  it  to  a  whole  or  mixed  number.  Next,  add  all  the 
whole  numbers,  including  the  one  obtained  from  the  addition 
of  the  fractional  parts,  and  annex  to  their  sum  the  fraction 
of  the  mixed  number  obtained  from  reducing  the  improper 
fraction. 

5  7  5 

42  +  31—  +  9—  =  ?     Reducing  —   to   a    fraction   having 


8  '     16       •       — ^    8 

~  16' 


a  denominator  of  16,  we  have  —  X  ,,  =  — ,.     Adding  the  two 


10       7 

fractional  parts  of  the   mixed  numbers  we  have 1 = 

^  16^16 

10  +  7  _  17  _     1 

16      ~16~    16" 

The  problem  now  becomes  42  +  31  +  9  +  1—,  =  ? 

Adding    all    the    whole    numbers    and    the 

number  obtained  from   adding  the  fractional 

^  1 

1-J,  parts  of  the  mixed  numbers,  we  obtain  83— 

^_i_  16 

83^    Ans.     as  their  sum. 
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(41)     29-  +  50-  +  41  +  69-=?     -=- ^   ^  = -. 

5_5X2_10         l^,iO^_  12+10  +  3  _  25  _  ^ 
8~8x2~ia'        16  "^16"^  16  ~  16  ~  16  "~    16 

9 
The  problem  now  becomes  29  +  50  +  41  +  69  +  1—  =  ? 

29  square  inches. 
50  square  inches. 
41  square  inches. 
69  square  inches. 
1y\  square  inches. 


190j®^  square  inches.     Ans. , 

16 

3 
The  line  between  7  and  — ;  means  that  7  is  to  be  divided 

Id 


^  16 


15  3 


,,    32  _  15      5  _  15      8  _  ;^x^  _  3       . 
^^^  T  ~  32  •    8  "  32  ^  5  ~  ^^  x  ^  ~  4-     ^''^• 


4 


4+3 


M^  =  l=8^  =  ro-     (See  Art.  131.)    Ans. 

7 

(43)  -X  =  value  of  the  fraction,  and  28  =  the  numerator, 

8 

We  find  that  4  multiplied  by  7  =  28,  so  multiplying  8,  the 
denominator  of  the  fraction,  by  4,  we  have  32  for  the  required 

28       7 
denominator,  and  —  =  — .      Hence,  32  is   the   required  de- 
oZ        8 

nominator.     Ans. 

7  7 

(44)  («)  -^  —  tt;  =  ?     When  the  denominators  of  frac- 

8  lb 

tions  are  not  alike  it  is  evident  that  the  units  are  divided 
into  unequal  parts ^  therefore,  before  subtracting,  reduce  the 
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fractions  to  fractions  having  a  common  denominator.  Then, 
subtract  the  numerators,  and  place  the  remainder  over  the 
common  denominator. 

7X2_14      lf_^^  14-7  ^  _7_      ^^ 
8  X  2  ~  16*     16       16  ~      16  16'         ^^' 

(b)  13  —  7—.  =  ?     This  problem   may  be   solved   in   two 

10 

ways; 

First :    13  =  12—-,  since  —  =  1,  and  12—  =  12  +  —  = 
16  lb  lo  lb 

12  +  1  =  13. 

\%W        We   can   now   subtract   the  whole   numbers   sepa- 

7^^     rately,  and  the  fractions  separately,  and  obtain  12  —  7 

T7  r     ^  16       7       16-7       9       .  ,    9        .9       . 

5t^     =5and---  =  -^^  =  -.     o  +  -  =  o-.    Ans. 

Second :  By  reducing  both  numbers  to  improper  fractions 

having  a  denominator  of  16. 

13  ^ J_3  X  16  _  208        7  ^  (7  X  16)  +  7_  112  +  7  _ 

1  ~  1   X  16"  16        16  16  16 

119 

16' 

^  ^  .  ^208       119       208-119       89         , 

Subtractmg,   we   have  —- — -  = — =  -i^-.   and 

lb  lb  16  lb 

89      -.,so^/^  «      the  same  result  that  was  obtained  by  the 
-  =  16)89(5^     ^^^^  ^^^^^^ 

80 

^  {c)  312:i^  -  229^  =  ?     We  first   reduce 

—  lb  oi 

16  the  fractions  of  the  two  mixed  numbers  to 

fractions  having  a  common  denominator.      Doing  this  we 

9        9x2      18 

have  -— =  — r=7r:.      We   can   now  subtract  the  whole 

16       16  X  2       32 

numbers  and  fractions  separately,  and  have  312  —  229  =  83 

,18       5  _18-5_13 
^^    32      32  ~      32     ~32" 
312^1 

229A     83  +  ^  =  831?.     Ans. 
83  J  3 
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(45)  The  man  evidently  traveled  85  -|  +  78  -^  +  125  ^ 

x^  xo  oo 

miles. 

Adding  the  fractions  separately  in  this  case, 
5        9       17  _  5       3      17_175  +  252  +  204_631_     211 
12"^15'^35""12'^5~^35~  420  ~420~     420' 

Adding  the  whole  numbers  and  the  mixed  number     85 
representing  the  sum  of  the  fractions,  the  sum  is     78 

289— -miles.     Ans. 

420  IfU 

To  find  the  least  common  denominator,  we  have        289  ^  *  ^ 

5)12,   5,   35 

7)12,   1,     7 

12,  1,     1,  or  5X7X12  =  420. 

(46)  573  i  tons.  i  =  | 
216 1  tons.  1  =  1 


7  7 

diiference  357  -t\  tons.     Ans.  — ■  =  difference. 

•^40  40         -^ 

(47)  Reducing  9  j  to  an  improper  fraction,  it  becomes 

37      ,,   ,,.  ,   .       37,      3    37      3       111       ^  15  ,  n 

— .     Multiplymg  -4  by  -,  —  X  g  =  ^y  =  3  —  dollars.  Ans 

(48)  Referring  to  Arts.  114  and  116, 

-  of  —  of  —  of  --  of  11  multiplied  by  -  of  -  of  45  = 

0  4         11        20  00 

3 

n 

^X^x7xl9x;;x7x5x^^  _7xl9x7x5x3  _  13,965  _ 

^X4x;;x^pxlx8x^xl  ~        4x4x8         ""     128    ~ 
4  ^ 

1  ^ 

109 -.    Ans. 

4  6 

(49)  |ofl6  =  |x^  =  12.     12-4-|.=  ^x|=18.  Ans. 

/^-n.x     o-.,l      -.'^       845     15       J     .        ^        .J 

(60)     211jX1q-  =  -j- X -Q- ,  reducmg  the  mixed  numbers 
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845       15       12,675 
to  improper  fractions.     ~t-  x  -^  =  — ^ —  cents  =  amount 

paid  for  the  lead.     The  number  of  pounds  sold  is  evidently 

2  535 
12.675   .  ^1  _  rim  ^  2  _  2,535  _         7 

~32~  '^^2-  ~W~      J~  "16"  ""        16  P 

16 

.   .      .  „,,1       ,_o  7       845      2,535       3.380 
amount  remaining  is211r —  lo8—  =  — j— 


4  16        4  16  16 


2,535       845       ,,13  ,         . 

-Tr  =  T6-  =  ^'^r6P^""^^-  ^^'• 


(51)     -08  =  Eighi  hundredths. 


°  3  2 

2  .8  £ 

,1-3  1  =  (?«^  hundred  thirty-one  thousandths. 


O   3    2   o 

0  0  0  1=  (:>«^  ten-thousandth. 


•i  S 


B  S  2  c  §  - 

£  X  5  £  5  6 


0  0  0  0  2  7=  Twenty-seven  mlltlontht. 


<a    S    a 
.    «J    g    O 

5  3** 
a  5  o  a 
25  5  S 
0  10  8  =  One  hundred  eight  ten-thousandtha. 
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"1   'i    S  xl 

a  S  o  (3 
Qj  2  x:  D 


93.0  1  0  1  =  Ninety-three,  and  <?;«^  hundred  one  ten-thoasandths 

In  reading  decimals,  read  the  number  just  as  you  would  if 
there  were  no  ciphers  before  it.  Then  count  from  the  decimal 
point  towards  the  right,  beginning  with  tenths,  to  as  many 
places  as  there  are  figures,  and  the  name  of  the  last  figure 
must  be  annexed  to  the  previous  reading  of  the  figures  to 
give  the  decimal  reading.  Thus,  in  the  first  example  above, 
the  simple  reading  of  the  figure' is  eigJit,  and  the  name  of  its 
position  in  the  decimal  scale  is  liundredttis,  so  that  the 
decimal  reading  is  eigJit  hundredths.  Similarly,  the  fig- 
ures in  the  fourth  example  are  ordinarily  read  tzventy-seven  ; 
the  name  of  the  position  of  the  figure  7  in  the  decimal  scale 
is  millionths,  giving,  therefore,  the  decimal  reading  as 
twenty-seven  millionths. 

If  there  should  be  a  whole  number  before  the  decimal 
point,  read  it  as  you  would  read  any  whole  number,  and 
read  the  decimal  as  you  would  if  the  whole  number  were 
not  there;  or,  read  the  whole  number  and  then  say,  "and" 
so  many  hundredths,  thousandths,  or  whatever  it  may  be, 
as  "  ninety -three,  and  one  hundred  one  ten  thousandths. " 

(52)  See  Art.  139. 

(53)  See  Art.  153. 

(54)  See  Art.  160. 

(55)  A  fraction  is  one  or  more  of  the  equal  parts  of  a 
unit,  and  is  expressed  by  a  numerator  and  a  denominator, 
while  a  decimal  fraction  is  a  number  of  tenths,  hundredths, 
thousandths,  etc.,  of  a  unit,  and  is  expressed  by  placing  a 
period  (.),  called  a  decimal  point,  to  the  left  of  the  figures 
of  the  number,  and  omitting  the  denominator. 

(56)  See  Art.  165. 
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(57)     To  reduce  the  fraction  ^  to  a  decimal,  we  annex 

one  cipher  to  the  numerator,  which  makes  it  1.0.  Dividing 
1.0,  the  numerator,  by  2,  the  denominator,  gives  a  quotient 
of  .5,  the  decimal  point  being  placed  before  the  07ie  figure 
of  the  quotient,  or  .5,  since  only  ^«^  cipher  was  annexed  to 
the  numerator.     Ans. 

1  1 

8)7.000  32)5.00000(. 15625     Ans. 

.8  7  5     Ans.  3  2 


c-          r.-        65    ^,          65  180 

Smce.6o  =  — ,then,—  ^^ 

must   equal  .65.      Or,  when  oqo         125 

the  denominator  is  10,   100,  ^92        1000  ~  ■"'■'^^"  '^^^* 

1000,  etc.,  point  off  as  many  

places  in  the  numerator  as 

there     are    ciphers     in     the  " 

denominator.      Doing    so,  160 

««   =.65.     Ans.  i^ 


100 

(58)     {a)  This  example,  written  in  the  form  of  a  fraction, 
means  that  the  numerator  (.32.5  +  -29  +  1.5)  is  to  be  divided 
by  the  denominator  (4.7  +  9).     The  operation  is  as  follows: 
32.5-1- -29  + 1.5  _., 
47  +  9  ~* 

3  2.5 
+      .2  9 
+    1.5 


4.7  6  89 

9.0  68  5 


13.7)34.2  9  000(2.5  02  9     Ans. 

^^ ^  Since  there  are  5  deci- 

mal places  in  the  dividend 
and  1  in  the  divisor,  there 
13.7  400  are  5  —  1  or   4   places  to 

274  be  pointed  off  in  the  quo- 

12  6  0        tient.     The  fifth  figure  of 
123  3        the    decimal   is   evidently 
2  7        less  than  5. 


26 
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(d)  Here  again  the  problem  is  to  divide  the  numerator, 
which  is  (1.283  X  8  +  o),  by  the  denominator,  which  is  2.63. 
The  operation  is  as  follows: 


1.283  X  8  +  5 
5J.63 


—  ? 


+  5  =  13. 

1.2  8  3 
X^ 13^ 

3849 
1283 
2.63)16.679000(6.3418  Ans. 
1578 

899  480 

789  263 


1100 
1052 


2170 
2104 


480 


66 


589  +  27  X  163  - 

-8 

25  +  39 

689 

+    27 

616 


25 

+  39 

64 


163 

- 8 

155 
X616 
930 
155 
930 


64)95480.000(1491.875 


64 
314 

256 
588 
576 


Ans. 


120 
64 


There  are  three  deci- 
mal places  in  the  quotient, 
since  three  ciphers  were 
annexed  to  the  dividend. 


560 

512 


480 

448 
320 
320 
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W 


40.6  +  7.1  X  (3.029-  1.874)  _ 
6.27  +  8.53-8.01 
40.6  3.0  2  9 

+      7.1  -  1.87  4 

47^  1.15  5 

X     47.7 


6.2  7 


8  085 


+_8^  8  0  8  5 

14.8  0  46  2  0 


""_?1^  6.79)5  5.0  9  3  500(8.113  9.     Ans 

6.7  9  543  2 


945 
679 


7  73 
6  decimal  places  in  6  7  9 

the  dividend  —  2  deci- 
mal places  in  the  divi- 
sor =  4  decimal  places 
to    be   pointed   off   in  2  6  6  0 

the  quotient.  2  0  3  7 

6230 
6111 


119 


1  foot  =  12  inches. 

3 

■^  of  1  foot  =  -^  X  ^  =  -o  =  10k  inches.     Ans. 

2 

(60)     12  inches  =  1  foot. 

1  of  an  inch  =  ^^  ^  12  =  ^  x  ji  =  ^  of  a  foot. 

4 
Point  off    6   decimal    places    in   the   quotient,   since  we 
annexed    six    ciphers    to    the    dividend,    the   divisor    con- 
taining  no  decimal   places;  hence,   6  —  0=6  places  to  be 
pointed  off. 

I/.  /;.     1  /,    .; 
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64)1.000000(. 015635    Ans. 

64 


360 

320 

400 

384 

160 

128 

320 

320 

(61)  If  1  cubic  inch  of  water  weighs  .03617  of  a  pound, 
the  weight  of  1,500  cubic  inches  will  be  .03617  X  1,500  = 
54.255  lb. 

.03617  lb. 
1500 


1808500 
3617 


5  4.2  5  5  00  lb.     Ans. 
(62)     72.6  feet  of  fencing  at  $.50  a  foot  would  cost 

7  2.6  X  .50,  or  $36.30. 
.50 


6.300 


If.  by  selling  a  carload  of  coal  at  a  profit  of  $1.65  per  ton, 
1  make  $36.30,  then  there  must  be  as  many  tons  of  coal  in 
the  car  as  1.65  is  contained  times  in  36.30,  or  22  tons. 

1.6  5  )  3  6.3  0  (  2 2  tons.     Ans. 
330 

330 
330 
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(63)         231  )  17892.00000  (  7  7.4  5  454,  or  77.4545  to 
1617  four  decimal  places.     Ans. 

17  22 
1617 


1050 
924 


1260 
1155 

1050 
924 

1260 
1155 

1050 

37.13       2        .0952 
.      .      74.26  X  24  X  ^^U  x  19  x  19  x  350  _ 

^^^  ^^,m  X  ;2  X  ^ 

1,000  2 

37.13  X  .0952  X  19  X  19  X  350      446,618.947600 


1,000 

1,000            ~ 

446.619  to  three  decimal 

pi; 

aces.     Ans. 

37.13 

19 

361 

3.534776 

.0952 

19 
171 

350 

126350 

7426 

18030 

176738800 

18565 

19 

1083 

10604328 

33417 

361 

126350 

21208656 

3.534776 

7069552 
3534776 

446618.947600 

(65)     See  Art.  174.     Applying  rule  in  Art.  175, 

/  X      -,^-.0       64       50.7392       51        . 
(.)     .7928x-^  =  — ^rp-  =  -^.     Ans. 

{d)     .U16xi  =  ^^=|.     Ans. 


04 

4.5.312 

32 

7.6664 

32  32  32 

16  _  7.6664  _  8 
16  ~      16      ~  16  ~  2' 


/  X      ...n.i.      16       7.6664       8       1. 
{c)    .47915  X,-  =  -^^-  =  r-=^.     Ans 


80  ARITHMETIC. 

(66)     In  subtraction  of  decimals,     /^\     709  6300 
p>/ace    tJie    decimal  points    directly  8  ';  1  4. 

under  each  other ^  and  proceed  as  in  

the  subtraction  of  whole  numbers,  7  0  8.7  78  6     Ans. 

placing  the  decimal  point   in  the  remainder  directly  under 
the  decimal  points  above. 

In  the  above  example  we  proceed  as  follows:  We  can  not 
subtract  4  ten-thousandths  from  0  ten-thousandths,  and,  as 
there  are  no  thousandths,  we  take  1  hundredth  from  the  three 
hundredths.  1  hundredth  =  10  thousandths  =  100  ten-thou- 
sandths. 4  ten-thousandths  from  100  ten-thousandths  leaves 
96  ten-thousandths.  96  ten-thousandths  =  9  tJiousandtJis  +  6 
ten-thousandths.  Write  the  6  ten-thousandths  in  the  ten- 
thousandths  place  in  the  remainder.  The  next  figure  in  the 
subtrahend  is  1  thousandth.  This  must  be  subtracted  from 
the  9  thousandths  which  is  a  part  of  the  1  hundredth  taken 
previously  from  the  3  hundredths.  Subtracting,  we  have  1 
thousandth  from  9  thousandths  leaves  8  thousandths,  the  8 
being  written  in  its  place  in  the  remainder.  Next  we  have 
to  subtract  5  hundredths  from  2  hundredths  (1  hundredth 
having  been  taken  from  the  3  hundredths  makes  it  but  2 
hundredths  now).  Since  we  can  not  do  this,  we  take  1  tenth 
from  6  tenths.  1  tenth  (  =  10  hundredths)  -f  2  hundredths 
=  12  hundredths.  5  hundredths  from  12  hundredths  leaves 
7  hundredths.  Write  the  7  in  the  hundredths  place  in  the 
remainder.  Next  we  have  to  subtract  8  tenths  from  5  tenths 
(5  tenths  now,  because  1  tenth  was  taken  from  the  6  tenths). 
Since  this  can  not  be  done,  we  take  1  unit  from  the  9  units. 
1  unit  =  10  tenths ;  10  tenths  +  5  tenths  =  15  tenths,  and  8 
tenths  from  15  tenths  leaves  7  tenths.  Write  the  7  in  the 
tenths  place  in  the  remainder.  In  the  minuend  we  now  have 
708  units  (one  unit  having  been  taken  away)  and  0  units  in  the 
subtrahend.  0  units  from  708  units  leaves  708  units;  hence, 
we  write  708  in  the  remainder. 

{b)      81.9  63  (c)     18.00  {d)     1.000 

1.700  .18  .001 


80.2  6  3  Ans.  17.8  2  Ans.  .9  9  9  Ans. 


5.0280 
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(e)     872.1 -(.8721 +  .008)=?    In  this  prob- 
lem  we   are  to   subtract    (.8721 +  .008)  from  -87  21 

•      •  0  0  8 

872.1.     First  perform  the  operation  as  mdi-  -^^^^^^^ 

cated    by    the    sign    between    the    decimals     .SSOl  sum. 
enclosed  by  the  parenthesis. 

Subtracting  the  sum  (obtained   by  adding  the  decimals 

8  7  2  10  0  0  enclosed  within  the  parenthesis)  from 

g  g  Q  -.  the  number  872.1  (as  required  by  the 

minus  sign  before  the  parenthesis), 

x^iia.      ^g  obtain  the  required  remainder. 

(/)     (5. 028  +  . 0073)  -  (6. 704  -  2. 38)  =  ?     First  perform 
the  operations  as  indicated  by  the  signs  be- 
tween the  numbers  enclosed  by  the  paren- 

0  0  7^ 
theses.     The    first   parenthesis    shows    that 

5.028   and   .0073    are   to    be   added.       This     5.03  5  3  sum. 
gives  5.0353  as  their  sum. 

C  ^  C\  A. 

The  second  parenthesis  shows  that 

^•^^^  2.38  is  to  be  subtracted  from  6.704. 

4.3  2.4  difference.       The  difference  is  found  to  be  4.324. 

The   sign   between    the    parentheses    indicates   that   the 

K  Q  g  K  q  quantities   obtained    by   performing 

^004  the  above  operations,  are  to  be  sub- 

tracted,  namely,  that  4.324  is  to  be 

.7113     Ans.  subtracted   from   5.0353.      Perform- 

ing this  operation  we  obtain  .7113  as  the  final  result. 

(67)  In  subtracting  a  decimal  from  a  fraction,  or  sub- 
tracting a  fraction  from  a  decimal,  either  reduce  the  fraction 
to  a  decimal  before  subtracting,  or  reduce  the  decimal  to  a 
fraction  and  then  subtract. 

7  7 

{a)     —  —  .807  =  ?     —  reduced  to  a  decimal  becomes 

O  o 

7 
8)7.000 

.875 

8  7  5 
'    ^-,  Subtracting  .807  from  .875  the  re* 

'    -  „      A  mainder  is  .068,  as  shown. 

.0  6  8     Ans. 
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3 

(6)     .875  —  —=?     Reducing  .875  to  a  fraction  we  have 

o 

Q7^  _    875    _  175  _  35  _  7  7       3_7-3_4_l 

1,000~200~40~8'     ^""^^'8       8~      8      ~8~2- 

3  3  ^''^• 

Or,  by  reducing  3-  to  a  decimal,  —  \  g  qqq  and  then  sub- 

.375 

tracting,  we    obtain   .875  -  .375  =  .5  =  -^^  =      -8  7  5 

10  .375 

— ,  the  same  answer  as  above.  .5  0  0     Ans 

^^^     (A  +  ■'*^^)  ~  (nJj  -  -0^)  =  ?     ^"^e  -first  perform  the 

operations  as  indicated  by  the  signs  between  the  numbers 

5 

enclosed  by  the  parentheses.     Reduce  —  to  a  decimal  and 

5  ^ 

we  obtain  5^=  .15625  (see  example  57). 

Adding  .15625  and  .435,       .15  6  25        :^=  .21;  subtracting,     .21 

•435  ,01 

sum    .59125  difference    .14 

We   are   now   prepared   to   perform  the      .59125 
operation  indicated  by  the  minus  sign  be-      •  1  4 
tween  the  parentheses,  which  is,      difference  .45125    Ans. 

{d)  This  problem  means  that  33  millionths  and  17  thou- 
sandths are  to  be  added.  Also,  that  53  hundredths  and 
274  thousandths  are  to  be  added,  and  the  smaller  of  these 
sums  is  to  be  subtracted  from  the  larger  sum.  Thus, 
(.63  +  .274)  -  (,000033  +  .017)  =  ? 


i  I  §  I  m  is  .804  larger  sum. 


3  -a  t: 


.000033  .53 

.0  17  .2  7  4 


.017033  smaller  sum. 


difference   .786967     Ans. 


.017088  sum.     .804  sum. 
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(68)  In  addition   of  decimals  the  .12  5 
decimal  points  vttist  be  placed  directly  .7 
under  each  other  ^  so  that   tent  lis  will  .0  8  9 
come   under  tenths,  hundredths  under  .4  00  5 
hundredths,    thousandths   under   thou-  .9 
sandths,    etc.     The   addition   is    then  .00  002  7 
performed   as  in  whole   numbers,  the  2  214  5  2  7      Ans. 
decimal  point  of  the  sum  being  placed 

directly  under  the  decimal  points  above. 

A 

«  S 

(69)  927.416  (70)     ±1%%  ^ 

8.2  74  ^-g  =^5 

372.6  |||5|.i 

6  2.0  7938  \%^i%% 

■M  43   4->   4->  43    C 


1370.36938    Ans.  -017 

.2 
.000047 


.217  047  =  Ans. 

(71)     {a)     There  are   3   decimal    places   in   the   multi- 

.10  7  plicand  and  3  in  the  multiplier ;  hence, 

.013  there  are  3  +  3  or  6  decimal  places  in 

321  the  product.     Since  the  product  con- 

1  Q  «  tains  but  four  figures,  we  prefix  two 

ciphers  in  order  to  obtain  the  neces- 

.001391    Ans.  g^^.^  gj^  decimal  places. 

(b)    2  0  3  There  are  two  decimal  places  in  the 

2.0  3  multiplier  and  none  in  the  multipli- 

rr^  cand;  hence,  there  are  2 -j- 0  or  two 

J  Q  g  Q  decimal  places  in  the  first  product. 

Since  there  are  2  decimal  places  in 

the  multiplicand  and  3  decimal  places 

•^  ^^  in  the  multiplier,  there  are  3  +  2  or  5 

12  3  6  2  7  decimal  places  in  the  second  product. 
824180 


8  3.6  5  42  7    Ans. 
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(c)  First  perform  the  operations  indicated  by  the  signs 
between  the  numbers  enclosed  by  the  parenthesis,  and  then 
perform  whatever  may  be  required  by  the  sign  before  the 
parenthesis. 

Multiply  together  the  numbers  2.7  3  1.8  5 

and  31.85.  2.7 

The  parenthesis  shows  that  .316  is  2  2295 

to  be  taken  from  3.16.         3.160  6370 

.316  

85.995 


2.844 

The  product  obtained  by  the  first 

operation  is  now  multiplied  by  the  8  5.9  9  5 

remainder  obtained    by  performing  2.8  4  4 

the  operation  indicated  by  the  signs 

within  the  parenthesis.  o  .  o  r.  « /^ 

343  9  80 

687560 

171990 


2  44.5  6  9  780    Ans. 


'd)  (107.8  +  6.541  -  31.96)  X  1.742  =  ? 

107.8 
+       6.641 

114.341 
—    31.96 


82.381 
X     1.742 

164762 
329524 
676667 
82381 


143.5  07  7  02     Ans. 


(72)     {a)  (l_.13)x. 625  +  1=? 

First  perform  the  operation  indicated  by  the  parenthesis. 
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1  =  1 

16      1G)7.0000(.4375  We  point  off  four  decimal 

6  4  places  since  we  annexed  four 

""TT  ciphers. 

48 

120 
112 


80 
80 

.4375 
.13 

Subtracting,  we  obtain         .3075 

The  vinculum  has  the  same  meaning  as  the  parenthesis; 
5  _  5  hence,  we  perform  the  operation  indicated 

8  ~"  8  )  5.0  0  0  by  it.  We  point  off  three  decimal  places, 
.625    since  three  ciphers  were  annexed  to  the  5. 

Adding  the  terms  in-  .6  2  5 
eluded  by  the  vinculum,  .6  2  5 
we  obtain  1.2  5  0 

The  final  operation  is  to  perform  the  work  indicated  by 
the  sign  between  the  parenthesis  and  the  vinculum,  thus, 

.3075 
1.25 


15375 
6150 
3075 


.3  843  7  5     Ans. 


(,)  (i|  X  .n)  -  (.02  X  i)  =  ? 


.21  = 

21 
"100" 

32^ 

21  _  399 
100  3200" 

.02  = 

2 

"100' 

3 

3 

X  4 

12 

399 

12 

800 

~  800  X  4  " 

"  3200"   . 

3200" 

3200 

xl=.  « 


100     16      1600     800 

_  399  -  12  _    387 
~       3200      ~  3200" 
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387 
Reducing  -^57^  to  a  decimal,  we  obtain 

_387_ 

3200)  387.0000000  (  .1209375     Ans. 
3200 


6700 
6400 

30000 
28800 

12  0  0  0 
9600 

24000 
22400 

16000 
16000 

Point  off  seven  decimal 
places,  since  seven  ciphers 
were  annexed  to  the  divi- 
dend. 


(^) 

(t  + -013- 2.17)  Xl3i-7A=? 

13 

13                      Point     off     two     decimal 

3.2  5 

4 

4)13.00     places,    since    two    ciphers 

+    .013 

3.2  5     were  annexed  to  the  divi-         TTTT^ 
J      J  3.2  6  3 

5  ''™'^-  -  a.i  7 

—  reduced  to  a  decimal  is  .3125,  since  ,  ^  ^  ... 

lo  1.093  , 

_5 

16)5.0000(.3125  Point  off  four  decimal 

^  ^  places,  since  four  ciphers 

2  0  were    annexed    to    the 

1 6  dividend. 

40 
32 

80 
80 

Then,  7-|  =  7. 3125,  and  13 j  =  13. 25,  since  l■  =  T^.  ..r. 
■io  4  4       4)  1.00 

.25 
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13.2  5  5.93  7  5 

—     7.3125  X     1.093 

5.937  5  178125 

534375 
593750 
6.48  9  6  87  5     Ans. 

(73)    («)  .875^|=.875-T-.5(since^y=.5)  =  1.75.  Ans. 

Another  way  of  solving  this  is  to  reduce  .875  to  its  equivalent 
common  fraction  and  then  divide. 

o^>       7      .  ^^^        875         175       35      7      ^,         7 

.87o  =  -,smce.875  =  j^^  =  ^  =  -  =  g;    then,--. 

1       7       ^       7       ,3        „.         3       3  .3       ,  ^_ 

2=?''T  =  I=h-      ^^^^n  =  4)  3.0  0  (.7  5,    ^I  =  ^'^^> 
•^  28 


the  same  answer  as  above.  2  0 

20 

^Ax     7        ;,      7       1  /  .  ^      1\       7  ^^       7       ,3 

(*)     8-^-'  =  8-^2r"""-'  =  2-)=?><l=4=l4'^^ 

1.75.  Ans.  •* 

7 
This  can  also  be  solved  by  reducing  —  to  its  equivalent 

o 

7 
decimal    and    dividing    by   .5;— =  .875;   .875 -^  .5  =  1.75. 

o 

Since  there  are  three  decimal  places  in  the  dividend  and  one 
in  the  divisor,  there  are  3  —  1,  or  2  decimal  places  in  the 
quotient. 

.375  X  i  _  y        We  shall  solve  this  problem  by  first 
^  "'  ^  —  .125  ~  ■     reducing  the  decimals  to  their  equiva- 
lent common  fractions. 

375         75       15      3       3      1       3  ^,  ,         , 

,375  = = =  —  =_.     _  X— = —r,  or  the  value  of 

1,000      200      40      8       8      4      32' 

the  numerator  of  the  fraction. 

125         25        1  1 

•  '^'  =  Poo  =  200  =  8-      ^"<*""'"8  8  '°  ^-'^-■''hs.    we 

•■""" lxl  =  h    ''''="' n - fe  =  O' °' ""=  ^"''" °^ »"' "*" 
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nominator  of  the  fraction.     The  problem  is  now  reduced  to 

A       1 

16  16  2 

1.25  X  20  X  3  _  In  this  problem  1.25  X  20  X 


(74) 


87  +  (11  X  8)        "3  constitutes  the  numerator  of 


459  +  32  the  complex  fraction. 

1.2  5         Multiplying   the    factors    of  the   numerator 
2  0     together,  we  find  their  product  to  be  75. 


25.00 
X_3 

75 

87  4-  n  1  X  8^ 
The  fraction  — TIr!  ,   or.      constitutes  the  denominator  of 
459  +  o2 

the  complex  fraction.     The  value  of  the  numerator  of  this 

fraction  equals  87  +  88  =  175. 

The   numerator   is  combined  as  though  it  were  written 

87  -f-  (11  X  8),  and  its  result  is 

11 

8  times 

8^ 

+  87 

175 

The  value  of  the  denominator  of  this  fraction  is  equal  to 
459  +  32  =  491.     The  problem  then  becomes 

3 
25_  _  75  _  1 75  _  75      491  _  jT^  X  491  _  1,473  _  ^3 
175~  1    •  491~  1  ^  175~      m      ~     7     -^^"7-  ^"^• 
491  T 

(75)     1  plus  .001  =  1.001.     .01  plus  .000001  =  .010001. 
And  1.001  -  .010001  = 

1.001 
.010001 


.9  909  9  9     Ans. 


ARITHMETIC. 

(QUESTIONS  76-167.) 


(76)  A  certain  per  cent,  of  a  number  means  so  many 
hundredths  of  that  number. 

25^  of  8,428  lb.  means  25  hundredths  of  8,428  lb.     Hence, 
25^  of  8,428  lb.  =  .25  X  8,428  lb.  =  2,107  lb.     Ans. 

(77)  Here  $100  is  the  base  and  1^  =  .01  is   the  rate. 
Then,  .01  X  $100  =  $1.     Ans. 

(78)  ^^  means  one-half  of  one  per  cent.     Since  1^  is 

.01,  ]r^  is  .005,  for,  ^  M12..      And  .005  X  $35,000  =  $175. 
^  -005  Ans. 

(79)  Here  50  is  the  base,  2  is  the  percentage,  and  it  is 
required  to  find  the  rate.     Applying  rule,  Art.  193, 

rate  =  percentage  -^  base ; 

rate  =  2-=- 50=  .04  or  4^.     Ans. 

(80)  By  Art.  193,  rate  =  percentage  -^  base.* 

As   percentage  =  10   and   base  =  10,   we   have    rate  =  10 
-;-  10  =  1  =  100^.     Hence,  10  is  100^  of  10.     Ans. 

(81)  {a)  Rate  =  percentage -^  by  base.     Art.  193. 
As  percentage  =  $176.54  and  base  =  $2,522,  we  have 

rate  =  176.54  -4-  2,522  =  .07  =  7^.     Ans. 

2  5  2  2  )  176.54 

.07 


*  Remember  that  an  expression  of  this  form  means  that  the  first 
term  is  to  be  divided  by  the  second  term.  Thus,  as  above,  it  means 
percentage  divided  by  base. 

For  notice  of  the  copj-rijiht,  see  I)«k<-"  immediately  fnlluwin^f  the  Ulle  pajje. 


40  ARITHMETIC. 

{d)  Base  =  percentage -^  rate.     Art.  192. 

As  percentage  =  16.96  and  rate  =  8^  =  .08,  we  have 

base  =  16.96  -^  .08  =  212.     Ans. 

.08  )  16.96 

(c)  Amount  is  the  sum  of  the  base  and  percentage;  hence, 
the  percentage  =  amount  minus  the  base. 

Amount  =  216. 7025  and  base  =  213.5 ;  hence,  percentage  = 
216.7025-213.5  =  3.2025. 

Rate  =  percentage -4- base.     Art.  193. 

Therefore,  rate  =  3.2025  -~  213.5  =  .015  =  1^^.     Ans. 

213.5  )  3.2  025  (  .015  =  li^ 
2135 


10675 
10675 


(d)  The  difference  is  the  remainder  found  by  subtracting 
the  percentage  from  the  base ;  hence,  base  —  the  differ- 
ence =  the  percentage.  Base  =  207  and  difference  =201.825, 
hence  percentage  =  207  -  201.825  =  5.175. 

Rate  =  percentage  -^  base.     Art.  1 93. 

Therefore,  rate  =  5. 175  -~  207  =  .025  =  .02^  =  2^^.     Ans. 


2         2' 


207  )  5.175  (  .025 
4  14 


1035 
1035 


(82)  In  this  problem  $5,500  is  the  amount,  since  it 
equals  what  he  paid  for  the  farm -f- what  he  gained; 
15^  is  the  rate,  and  the  cost  (to  be  found)  is  the  base. 
Applying  rule,  Art.  197, 

base  =  amount  -4-  (1  +  rate) ;  hence, 

base  =  $5, 500  -^  (1  +  .  15)  =  $4, 782. 61.     Ans. 
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1.15)5500.0000  (4782.61 
460 


900 

805 

950 

920 

300 

230 

700 

690 

100 

115 

The  example  can  also  be  solved  as  follows :  100^  =  cost ;  if  he 
gained  15^,  then  100+  15  =  115j^  =  $5,500,  the  selling  price. 

If  115^  =  $5,500,  1^  =  -1^  of  $5,500  =  $47.8261,  and  100.^, 

1x0 

or  the  cost,  =  100  X  $47.8261  =  $4,782.61.     Ans. 
(83)        24  ^  of  $950  =  .24    X  950  =  $228 

12-^^  of  $950  =  .125  X  950  =    118.75 
17   ^  of  $950  =.17    X950=    161.50 


53^^  of  $950  =  $508.25 

The  total  amount  of  his  yearly  expenses,  then,  is  $508.25, 
hence  his  savings  are  $950  —  $508.25  =  $441.75.     Ans. 

Or,  as  above,  24^  +  12  ^^  +  17^  =  53^^,    the   total   per- 

Z  2 

centage  of  expenditures;  hence,  100^  —  53-j^  =  46-^  =  per 

2  2 

cent,   saved.      And  $950  X  .465  =  $441.75  =  his  yearly  sav- 
ings.    Ans. 

(84)     The  percentage  is  961.38,  and  the  rate  is. 37^.    By 

Art.  192, 

Base  =  percentage  -j-  rate 

=  961.38  ^  .375  =  2,563.68,  the  number.     Ans. 
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Another  method  of  solv-  .3  7  5)9  61.3  8  000(25  63.68 

ing  is  the  following:  7  5  0 

If  37  ^^   of   a  number  is  2113 

^  1875 

961.38,  then  .37-  times  the  2388 

number  =  961.38    and    the  22  50 


number  =  961.38  H-  .37^,  ^?f^ 

A  112  5 

which,  as  above  =  2,563.68.  ~2~5~50 

Ans.  2  2  5  0 


3000 
3000 


(85)  Here  $1,125  is  30^  of  some  number;  hence, 
11,125  =  the  percentage,  30^  =  the  rate,  and  the  required 
number  is  the  base.     Applying  rule.  Art.  192, 

Base  =  percentage  -^  rate  ==  $1,125  -^  .30  =  $3,750. 

3  1 

Since  $3,750  is  —  of  the  property,  one  of  the  fourths  is  — 

4 
of  13,750  =  $1,250,  and  -  or  the  entire  property,  is  4  X  $1,250 

=  $5,000.     Ans. 

(86)  Here  $4,810  is  the  difference  and  35^  the  rate.  By 
Art.  198, 

Base  =  difference  -^-  (1  —  rate) 

=  $4,810  ^  (1  -  .35)  =  $4,810  ^  .65  =  $7,400.     Ans. 

.65)4810.00(7400 
455 


260  1.00 

260  .35 


00  .65 

Solution  can  also  be  effected  as  follows:  100^=  the  sum 
diminished  by  35^,  then  (1  —  .35)  =  .65,  which  is  $4,810. 
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If  65^  =  14,810,  l^  =  ^oi  4,810  =  174,  and  100^  =  100  X 
bo 

174  =  17,400.     Ans. 

(87)  In  this  example  the  sales  on  Monday  amounted  to 
1197.55,  which  was  12—^  of  the  sales  for  the  entire  week; 
i.  e.,  we  have  given  the  percentage,  $197.55,  and  the  rate, 

12x-^,  and  the  required  number  (or  the  amount  of  sales  for 
z 

the  week)  equals  the  base.     By  Art.  192, 

Base  =  percentage  -^  rate  =  $197.55  -j-  .125; 
or,  .125)19  7.5500(1580.4    Ans. 


125 

725 
625 

1005 
1000 

500 

500 

Therefore,  base  =  $1,580.40,  which  also  equals  the  sales 
for  the  week. 

(88)  16.5  miles  =  12-^  of  the  entire  length  of  the  road. 
We  wish  to  find  the  entire  length. 

16.5  miles  is  the  percentage,  12— j^  is  the  rate,  and  the  en- 
tire  length  will  be  the  base.     By  Art.  192, 


Base  =  percentage  -^  rate  =  16.5  -^  .I25-. 

.125)16.500(132  miles.     Ans. 
12  5 

400 
3  75 

250 
250 


1/,  /;.    I  /. 
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(89)     Here  we  have  given  the  difference,  or  $35,  and  the 
rate,  or  60^,  to  find  the  base.     We  use  the  rule  in  Art.  198, 
Base  =  difference  -j-  (1  —  rate) 

=  |35h- (1-.60)  =  $35-=-.40  =  $87.50.     Ans. 
.40)35.000(87.5 
32  0 


300 

280 

200 

200 

Or,  100^  =  whole  debt ;  100^  —  60^  =  40^  =  $35- 

1  S5 

If     40^  =  135,    then    1^  =  ^q  of    $35=—,   and   100^  = 

^X  100  =  187.50.     Ans. 
40 

'    (90)   28  rd.  4  yd.  2  ft.  10  in.  to  inches. 

X      5^ 

Since  there  are  5|-  yards  in 
one  rod,  in  28  rods  there  are 
28  X  5^  or  154  yards;  154  yards 
plus  4  yards  =  158  yards.  There 
are  3  feet  in  one  yard;  there- 
fore, in  158  yards  there  are 
3  X  158  or  474  feet;  474  feet  + 
2  feet  =  476  feet.  There  are 
12  inches  in  one  foot,  and  in 
476  feet  there  are  12  X  476  or 
5,712  inches;  5,712  inches  +  10 
inches  =  5,722  inches.  Ans. 
Ans. 

(91)  12  )  5  7  2  2  inches. 

3  )  476  +  10  inches. 
5i  )  158  +  2  feet. 
2  8  +  4  yards. 
Ans.  =  28  rd.  4  yd.  2  ft.  10  in. 


154 

+      4 

15  8  yards 
X      3 

474 

+      2 

4  7  6  feet 

X      12 

5712 

+       10 

5  7  2  2  inches, 
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Explanation. — There  are  12  inches  in  1  foot;  hence,  in 
5,722  inches  there  are  as  many  feet  as  12  is  contained  times 
in  5,722  inches,  or  476  ft.  and  10  inches  remaining.  Write 
these  10  inches  as  a  remainder.  There  are  3  feet  in  1  yard; 
hence,  in  476  feet  there  are  as  many  yards  as  3  is  contained 
times  in  476  feet,  or  158  yards  and  2  feet  remaining.     There 

are  5-  yards  in  one  rod ;  hence,  in  158  yards  there  are  28  rods 

and  4  yards  remaining.     Then,  in  5,722  inches  there  are 
28  rd.  4  yd.  2  ft.  10  in. 

(92)  5     weeks  3.5  days, 

X  J 

3  5     days  in  5  weeks. 
+    3.5 

3  8.5  days. 
Then^  we  find  how  many  seconds  there  are  in  38. 5  days. 
3  8.5  days 
X       2  4  hours  in  one  day. 

1540 
770 


9  2  4.0  hours  in  38.5  days. 
X       6  0  minutes  in  one  hour. 


5  5  4  4  0  minutes  in  38.5  days. 
X       6  0  seconds  in  one  minute. 


3  3  2  6  4  0  0  seconds  in  38. 5  days.     Ans. 

(93)  Since  there  are  24  gr.  in  1  pwt.,  in  13,750  gr.  there 
are  as  many  pennyweights  as  24  is  contained  times  in 
13,750,  or  572  pwt.  and  22  gr.  remaining.  Since  there  are 
20  pwt.  in  1  oz.,  in  572  pwt.  there  are  as  many  ounces  as 
20  is  contained  times  in  572,  or  28  oz.  and  12  pwt.  remaining. 

Since  there  are  12  oz.  in  1  lb.  (Troy),  in  28  oz.  there  are 
as  many  pounds  as  12  is  contained  times  in  28,  or  2  lb.  and 
4  oz.  remaining.  We  now  have  the  pounds  and  ounces 
required  by  the  problem;  therefore,  in  13,750  gr.  there  arc 
2  lb.  4  oz.  12  pwt.  22  gr. 
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24  )  13750  gr. 

20  )  5  7  2  pwt.  +  22  gr. 
12  )J_8  oz.  +  12  pwt. 
2  lb.  +  4  oz. 
Ans.  =  2  lb.  4  oz.  12  pwt.  22  gr. 

(94)  100  )  4763254  li. 

80  )  47632+  54  li. 
5  9  5  +  32  ch. 
Ans.  =  595  mi.  32  ch.  54  li. 
Explanation. — There  are  100  li.  in  one  chain;    hence,  in 
4,763,254  li.  there  are  as  many  chains  as  100  is  contained 
times  in  4,763,254  li.,  or  47,632  ch.  and   54  li.  remaining. 
Write  the  54  li.  as  a  remainder.     There  are  80  ch.  in  one 
mile ;  hence,  in  47, 632  ch.  there  are  as  many  miles  as  80  is  con- 
tained times  in  47,632  ch.,  or  595  miles  and  32  ch.  remaining. 
Then,  in  4,763,254  li.  there  are  595  mi.  32  ch.  54  li. 

(95)  1728  )  7  6  4  3  2  5  cu.  in. 

27  )  442  +  549  cu.  in. 

1  6  cu.  yd.  +  10  cu.  ft. 

Ans.  =  16  cu.  yd.  10  cu.  ft.  549  cu.  in. 

Explanation. — There  are  1,728  cu.  in.  in  one  cubic  foot; 
hence,  in  764,325  cu.  in.  there  are  as  many  cubic  feet  as 
1,728  is  contained  times  in  764,325,  or  442  cu.  ft.  and 
549  cu.  in.  remaining.  Write  the  549  cu.  in.  as  a  remainder. 
There  are  27  cu.  ft.  in  one  cubic  yard;  hence,  in  442  cu.  ft. 
there  are  as  many  cubic  yards  as  27  is  contained  times  in 
442  cu.  ft.,  or  16  cu.  yd.  and  10  cu.  ft.  remaining.  Then,  in 
764,325  cu.  in.  there  are  16  cu.  yd.  10  cu.  ft.  549  cu.  in. 

(96)  We  must  arrange  the  different  terms  in  columns, 
taking  care  to  have  like  denominations  in  the  same  column. 

rd.      yd.     ft.       in. 

2  2         2         3 
4         19 

2         7 

3  2^       0         7 

or    3        2        2        1     Ans. 
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Explanation. — We  begin  to  add  at  the  right-hand  col- 
umn. 7  +  9  +  3  =  19  in.  •,  as  12  in.  make  one  foot,  19  in.  = 
1  ft.  and  7  in.  Place  the  7  in.  in  the  inches  column,  and 
reserve  the  1  ft.  to  add  to  the  next  column. 

1  (reserved)  +  2  +  1  +  2  =  G  ft.  Since  3  ft.  make  1  yard, 
6  ft.  =  2  yd.  and  0  ft.  remaining.  Place  the  cipher  in  the 
column  of  feet  and  reserve  the  2  yd.  for  the  next  column. 

2  (reserved)  +  4  +  2  =  8  yd.     Since  5-  yd.  =  1  rod,  8  yd.  = 

1  rd.   and  2—  yd.     Place  2—  yd.   in  the  yards  column,  and 

reserve  1  rd.  for  the  next  column ;  1  (reserved)  -|-  2  =  3  rd. 
Ans.  =  3  rd.         2^  yd.         0  ft.  7  in. 

or,      3  rd.         2    yd.         1  ft.         13  in. 
or,      3  rd.         2    yd.         2  ft.         1    in.     Ans. 
(97)     We  write  the  compound  numbers  so  that  the  units 
of  the  same  denomination  shall  stand  in  the  same  column. 
Beginning  to  add  with  the  lowest  denomination,  we  find  that 

the  sum  of  the  gills  is  1  +  2  + 
3  =  6.     Since  there  are  4  gi.  in 

1  pint,  in  6  gi.  there  are  as  many 
pints  as  4  is  contained  times  in 
6,  or  1  pt.  and  2  gi.     We  place 

2  gi.    under   the   gills   column 
16  gal.   3  qt.  0  pt.  2  gi.    and   reserve   the  1  pt.    for  the 

pints  column;  the  sum  of  the 
pints  is  1  (reserved)  -{-5  +  1  +  1  =  8.  Since  there  are  2  pt. 
in  1  quart,  in  8  pt.  there  are  as  many  quarts  as  2  is  con- 
tained times  in  8,  or  4  qt.  and  0  pt.  We  place  the  cipher 
under  the  column  of  pints  and  reserve  the  4  for  the  quarts 
column.  The  sum  of  the  quarts  is  4  (reserved)  +8  +  3  =  15. 
Since  there  are  4  qt.  in  1  gallon,  in  15  qt.  there  are  as  many 
gallons  as  4  is  contained  times  in  15,  or  3  gal.  and  3  qt.  re- 
maining. We  now  place  the  3  under  the  quarts  column 
and  reserve  the  3  gal.  for  the  gallons  column.  The  sum  of 
the  gallons  column  is  3  (reserved)  +  4+6  +  3  =  16  gal. 
Since  we  can  not  reduce  16  gal.  to  any  higher  denomination, 
we  have  16  gal.  3  qt.  0  pt.  and  2  gi.  for  the  answer. 


gal. 

qt. 

pt. 

gi- 

3 

3 

1 

3 

6 

0 

1 

2 

4 

0 

0 

1 

8 

5 

0 
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(98)     Reduce  the  grains,  pennyweights,  and  ounces   to 
higher  denominations. 

24 )  240  gr.  20  )  125  pwt.  12  )_50^  oz. 

10  pwt.  6  oz.  5  pwt.  4  lb.  2  oz. 

Then,  3  lb.  +  4  lb.  2  oz.  +  6  oz.  5  pwt.  +  10  pwt.  = 
lb.  oz.  pwt. 

3 
4  2 

6  5 

10 


deg. 

min. 

sec. 

11 

16 

12 

13 

19 

30 

20 

0 

25 

0 

26 

29 

10 

17 

11 

7  lb.         8  oz.         15  pwt.     Ans. 

(99)  Since  "seconds"  is  the  lowest  denomination  in 
this  problem,  we  find  their  sum  first,  which  is  11  -|-  29  +  25  + 

30  +  13,  or  107  seconds.  Since 
there  are  60  seconds  in  1  minute, 
in  107"  there  are  as  many  minutes 
as  GO  is  contained  times  in  107,  or 
1  minute  and  47  seconds  remain- 
ing. We  place  the  47  under  the 
seconds  column  and  reserve  the  1 
55°  19'  47"      for  the  minutes  column.   The  sum 

of  the  minutes  is  1  (reserved)  + 
17  +  26  +  19  +  16,  or  79.  Since  there  are  60  minutes  in 
1  degree,  in  79  minutes  there  are  as  many  degrees  as  60  is 
contained  times  in  79,  or  1  degree  and  19  minutes  remaining. 
We  place  the  19  under  the  minutes  column  and  reserve  the 

1  degree  for  the  degrees  column.  The  sum  of  the  degrees 
is  1  (reserved)  +  10  +  20  +  13  +  11,  or  55  degrees.  Since 
we  can  not  reduce  55  degrees  to  any  higher  denominations, 
we  have  55°  19'  47"  for  the  answer. 

(100)  Since  "inches"  is  the  lowest  denomination  in 
this  problem,  we  find  their  sum  first,  which  is  11  +  8  +  6,  or 
25  inches.  Since  there  are  12  inches  in  1  foot,  in  25  inches 
there  are    as    many  feet  as  12  is  contained  times  in  25,  or 

2  feet  and  1  inch  remaining.  Place  the  1  inch  under  the 
inches   column,  and  reserve  the  2  feet  to  add  to  the  column 


rd. 

yd. 

ft. 

in. 

130 

5 

1 

G 

215 

0 

2 

8 

304 

4 

0 

11 

(350 

H 

1 

mi. 

or,  2   10 

5 

0 

7 
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of  feet.      The  sum  of  the  feet  is  2  feet  (reserved)  -{-  2  +  1  = 

5  feet.  Since  there  are  3 
feet  in  1  yard,  in  5  feet 
there  are  as  many  yards  as  3 
is  contained  times  in  5  feet, 
or  1  yard  and  2  feet  remain- 
ing. Place  the  2  feet  under 
the  column  of  feet,  and  re- 
7  Ans.  serve  the  1  yard  to  add  to  the 
column  of  yards.  The  sum  of 

the  yards  is  1  yard  (reserved)  +  -^  +  5  =  10  yards.    Since  there 

are  5—  yards  in  1  rod,  in  10  yards  there  are  as  many  rods  as 

5—  is  contained  times  in  10,  or  1  rod  and  4—  yards  remaining. 
2  2 

Place  the  4—  yards  under  the  column  of  yards,  and  reserve 

the  1  rod  for  the  column  of  rods.  The  sum  of  the  rods  is  1 
(reserved)  +  304  +  215  +  130  =  650  rods.  Place  650  rods 
under  the  column  of  rods.     Therefore,  the  sum  is  650  rd. 

4y  yd.  2  ft.  1  in.     Or,  since  -  a  yard  =  1  ft.  6  in.,  and  since 

there  are  320  rods  in  1  mile,  the  sum  may  be  expressed  as 
2  mi.  10  rd.  5  yd.  0  ft.  7  in.     Ans. 

(lOl)     Since  "square  links"  is  the  lowest  denomination 
in  this  problem,  we  find  their  sum  first,  which  is  21  —  M 

+  16  +  18  +  23  +  21,  or 
122  square  links.  Place  122 
square  links  under  the  col- 
umn of  square  links.  The 
sum  of  the  square  rods  is 
2  +  3  +  2  +  2  +  2+3,  or 
14  square  rods.  Place  14 
square  rods  under  the  col- 
255  3         14         122         umn    of    square   rods.     The 

sum  of  the  square  chains 
is  323  square  chains.  Since  there  are  10  square  chains  in 
1  acre,  in  323  square  chains  there  are  as  many  acres  as  1"  is 


21 

>ci.  ch. 
67 

sq.  rd. 
3 

sq.  li, 
•21' 

28 

78 

2 

23 

47 

6 

2 

18 

50 

59 

2 

10 

25 

38 

3 

23 

40 

75 

2 

21 
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contained  times  in  323  square  chains,  or  33  acres  and  3  square 
chains  remaining.  Place  3  square  chains  under  the  column 
of  square  chains,  and  reserve  the  32  acres  to  add  to  the  col- 
umn of  acres.  The  sum  of  the  acres  is  32  acres  (reserved)  4- 
46  +  25  +  56  +  47  +  28  +  21,  or  255  acres.  Place  255 
acres  under  the  column  of  acres.  Therefore,  the  sum  is 
255  A.  3  sq.  ch.  14  sq.  rd.  122  sq.  li.     Ans. 

(102)  Before  we  can  subtract  300  ft.  from  20  rd.  2 
yd.  2  ft.  and  9  in.,  we  must  reduce  the  300  ft.  to  higher 
denominations. 

Since  there  are  3  feet  in  1  yard,  in  300  feet  there  are 
as  many  yards  as  3  is  contained  times  in  300,  or  100  yards. 

There  are  5—  yards  in  1  rod,  hence  in  100  yards  there  are  as 

1  11  2 
many  rods  as  5—  or  —  is  contained  times  in  100  =  18—  rods. 

2  2  11 

100  •   ^^-100-   ^  _1QQX2_200 

100  .    ^  -  100  X  ^^  -        ^^       -  11  )  200  (  18:^  rd. 


11 


11 


90 


1        11  2 

Since  there  are  5—  or  -—  yards  in  1  rod,  in  —  rods  there 
Z  Z  11 

2      n 

are  -j^X^,  or  one  yard,  so  we  find  that  300  feet  equals 

18  rods  and  1  yard.     The  problem  now  is  as  follows:  From 
20  rd.  2  yd.  2  ft.  and  9  in.  take  18  rd.  and  1  yd. 

We  place  the  smaller  number  under  the  larger  one,  so 
that  units  of  the  same  denomination  fall  in  the  same 
column.  Beginning  with  the  lowest 
denomination,  we  see  that  0  inches 
from  9  inches  leaves  9  inches.  Going 
to  the  next  higher  denomination,  we 
2  12  9  see  that  0  feet  from  2  feet  leaves 
2  feet.     Subtracting  1   yard  from  3 


rd. 

yd. 

ft. 

in. 

20 

2 

2 

9 

18 

1 

0 

0 
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yards,  we  have  1  yard  remaining,  and  18  rods  from  20  rods 
leaves  2  rods.  Therefore,  the  difference  is  2  rd.  1  yd.  2  ft. 
9  in.     Ans. 

(103) 


A. 

sq.  rd. 

sq.  yd. 

114 

80 

25 

75 

:o 

30 

39  9  25^    Ans. 

Explanation. — Place  the  subtrahend  under  the  minuend 

so   that  like   denominations  are   under  each  other.     Then 

begin    at    the    right   with   the   lowest   denomination.     We 

can  not  subtract  30  from  25,  so  we  take   one   square  rod 

(=  30-r  square  yards)  from  80  square  rods,  leaving  79  square 

4: 

rods ;  adding  30^  square  yards  to  25  square  yards,  we  have 
55j  square  yards;  subtracting  30  from  55 j  square  yards 

leaves  25—  square  yards;  we  now  subtract  70  square  rods 

from  79  square  rods,  which  leaves  9  square  rods;  next,  we 
subtract  75  acres  from  114  acres,  which  leaves  39  acres, 
which  we  place  under  the  column  of  acres. 

(104)  If  10  gal.  2  qt.  and  1  pt.  of  molasses  are  sold 
from  a  hogshead  at  one  time,  and  26  gal.  3  qt.  are  sold  at 
another  time,  then  the  total  amount  of  molasses  sold  equals 
10  gal.  2  qt.  1  pt.  plus  26  gal.  3  qt. 

Since  the  pint  is  the  lowest  denomination,  we  add  the 
pints  first,  which  equal  0  +  1,  or  1  pint.    We  can  not  reduce 

1  pint  to  any  higher  denomina- 
tion, so  we  place  it  under  the 
pint  column.  The  number  of 
quarts  is  3  -f  2,  or  5.  Since 
37  gal.     1  qt.       1  pt.       there  are  4  quarts  in  1  gallon, 

in  5  quarts  there  are  as  many 
gallons  as  4  is  contained  times  in  5,  or  1  gallon  and 
1  quart  remaining.  We  place  the  1  quart  under  the  quart 
column,  and  reserve  the  1  gallon  to  add  to  the  column  of 


gal. 

qt. 

pt. 

10 

2 

1 

26 

3 

0 

gal. 

qt. 

pt. 

62 

3 

2 

37 

1 

1 
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gallons.  The  number  of  gallons  equals  1  (reserved)  -|-  26 
+  10,  or  37  gallons. 

If  37  gal.  1  qt.  and  1  pt.  are  sold  from  a  hogshead  of 
molasses  (63  gal.),  there  remains  the  difference  between  63 
gal.  and  37  gal.  1  qt.  1  pt.,  or  25  gal.  2  qt.  and  1  pt. 

G3  gal.  is  the  same  as  62  gal.  3  qt.  2  pt. ,  since  1  gal.  equals 

4  qt.  and  1  qt.  =  2  pt. 

Beginning  with  the  lowest  denomination,  1  pt.  from  the 

2  pt.  1  pint  from  2  pints  leaves  1 
pint.  One  quart  from  3  quarts 
leaves  2  quarts,  and  37  gallons 
from  62  gallons  leaves  25  gallons. 

^^  ^  ^       Therefore,  there  are  25  gal.  2  qt. 

and  1  pt.  of  molasses  remaining  in  the  hogshead.      Ans. 

(105)  If  a  person  were  born  June  19,  1850,  in  order  to 
find  how  old  he  would  be  on  Aug.  3,  1892,  subtract  the 
earlier  date  from  the  later  date. 

On  August  3,  7  mo.  and  3  da.  have  elapsed  from  the  begin- 
ning of  the  year,  and  on  June  19,  5  mo.  and  19  da. 

Beginning  with  the  lowest  denomination,  we  find  that  19 
days  can  not  be  taken  from  3  days,  so  we  take  1  month  from 
7  months.     The  1  month  which  we  took  equals  30  days,  for 

in  all  cases  30  days  are  allowed  to 
a  month.     Adding  30  days  to  the 

3  days,  we  have  33  days;  subtract- 
ing 19  days  from  33  days,  we  have 

42  1  14       14  days  remaining.    Since  we  bor- 

rowed 1  month  from  the  months 
column,  we  have  7  —  1,  or  6  months  remaining;  subtracting 

5  months  from  6  months,  we  have  1  month  remaining.  1850 
from  1892  leaves  42  years.  Therefore,  he  would  be  42  years 
1  month  and  14  days  old.     Ans. 

(106)  If  a  note  given  Aug.  5,  1890,  were  paid  June  3, 
1892,  in  order  to  find  the  length  of  time  it  was  due,  subtract 
the  earlier  date  from  the  later  date. 

Beginning  with  the  lowest  denomination,  we  find  that  5 
can  not  be  subtracted  from  3,  so  we  take  a  unit  from  the  next 


yr. 

mo. 

da. 

1892 

7 

3 

1850 

5 

19 

1892 

mo. 
5 
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3 

1890 

7 

5 
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higher    denomination,     which    is 
months.     The  1  month  which  we 
take  equals  30  days.   Adding  the  30 
9  28       days  to  the  3  days,  we  have  33  days. 

5  days  from  33  days  leaves  28  days. 
Since  we  took  1  month  from  the  months  column,  only  4 
months  remain.  7  months  cannot  be  taken  from  4  months, 
so  we  take  1  year  from  the  years  column,  which  equals  12 
months.  12  months  +  4  months  =  16  months.  7  months 
from  16  months  ■=  9  months.  Since  we  took  1  year  from  the 
years  column,  we  have  1892  —  1,  or  1891  remaining.  1890 
from  1891  leaves  1  year.  Hence,  the  note  ran  1  year  9 
months  and  28  days.     Ans. 

(107)  Write  the  number  of  the  year,  month,  day,  hour, 
and  minute  of  the  earlier  date  under  the  year,  month,  day, 
hour,  and  minute  of  the  later  date,  .and  subtract. 

.22  minutes  before  8  o'clock  is  the  same  as  38  minutes  after 
7  o'clock.  7  o'clock  p.  m.  is  19  hours  from  the  beginning  of 
the  day,  as  there  are  12  hours  in  the  morning  and  7  in  the 
afternoon.  December  is  11  months  from  the  beginning  of 
the  year. 

10  o'clock  A.  M.  is  10  hours  from  the  beginning  of  the  day. 
July  is  6  months  from  the  beginning  of  the  year.  The 
minuend  would  be  the  later  date,  or  1,888  years,  11  months, 
11  days,  19  hours,  and  38  minutes. 

The  subtrahend  would  be  the  earlier  date,  or  1,883  years, 
6  months,  3  days,  10  hours,  and  16  minutes. 
Subtracting,  we  have 

yr.         mo.       da.       hr.      mih. 
1888       11       11       19       38 
1883         6         3       10       16 


5         5         8         9       22 
or,  5  yr.  5  mo.  8  da.  9  hr.  and  22  min.     Ans. 

16  minutes  subtracted  from  38  minutes  leaves  22  minutes; 
10  hours  from  19  hours  leaves  9  hours;  3  days  from  11  days 
leaves  8  days;  6  months  subtracted  from  11  months  leaves 
5  months;  1,883  from  1,888  leaves  5  years. 
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(108)  In  multiplication  of  denominate  numbers,  we 
place  the  multiplier  under  the  lowest  denomination  of  the 
multiplicand,  as 

17  ft.         3  in. 

51 

879  ft.  9  in. 

and  begin  at  the  right  to  multiply.  51  X  3  =  153  in.  As 
there  are  12  inches  in  1  foot,  in  153  in.  there  are  as  many 
feet  as  12  is  contained  times  in  153,  or  12  feet  and  9  inches 
remaining.  Place  the  9  inches  under  the  inches,  and  reserve 
the  12  feet.  51  X  17  ft.  =  867  ft.  867  ft.  +  12  ft.  (reserved^ 
=  879  ft. 

879  feet  can  be  reduced  to  higher  denominations  by  divi- 
ding by  3  feet  to  find  the  number  of  yards,  and  by  5  —  yards 

2 

to  find  the  number  of  rods. 

3-)  8  7  9  ft.  9  in. 
5.5)29  3  yd. 

5  3  rd.  1^  yd. 
Then,  answer  =  53  rd.  1^  yd.  0  ft.  9  in. ;  or  53  rd.  1  yd.  2 
ft.  3  in. 

(109)  qt.  pt.  gi. 
3                            13 

4.7 


18.2qt.  0  .1 

or,  1  8     qt.  Opt.  1.7  gi. 

or,  4  gal.       2      qt.  Opt.  1-7  gi.     Ans. 

Place  the  multiplier  under  the  lowest  denomination  of  the 
multiplicand,  and  proceed  to  multiply.  4.7  X  3  gi.  =  14.1  gi. 
As  4  gi.  =  1  pt.,  there  are  as  many  pints  in  14.1  gi.  as  4  is 
contained  times  in  14.1  =  3.5  pt.  and  .1  gi.  over.  Place  .1 
under  gills  and  carry  the  3.5  pt.  forward.  4.7  X  1  pt.  =  4.7 
pt. ;  4.7  +  3.5  pt.  =  8.2  pt.  As  2  pt.  =  1  qt.,  there  are  as 
many  quarts  in  8.2  pt.  as  2  is  contained  times  in  8.2  =  4.1 
qt.  and  no  pints  over.  Place  a  cipher  under  the  pints,  and 
carry  the  4.1  qt.  to  the  next  product.  4.7  X  3  qt.  =  14.1; 
14.1  +  4.1  =  18.2  qt.     The  answer  now  is  18.2  qt.  0  pt.  .1 
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gi.  Reducing  the  fractional  part  of  a  quart,  we  have  18  qt. 
0  pt.  1.7  gi.  (.2  qt.  =  .2  X  8  =  l.G  gi. ;  1.6  +  .1  gi.  =  1.7  gi.). 
Then,  we  can  reduce  18  qt.  to  gallons  (18  -r-  4  =  4  gal.  and 
2  qt.)  =  4  gal.  2  qt.  1.7  gi.      Ans. 

The  answer  may  be  obtained  in  another  and  much  easier 
way  by  reducing  all  to  gills,  multiplying  by  4.7,  and  then 
changing  back  to  quarts  and  pints.     Thus, 
3  qt. 
X    2  pt.  3  qt.  1  pt.  3  gi.  =  31  gi. 


6  pt. 

0±    gl.     A    '±.  <     -LtU.  t     gl. 

+    Ipt. 

4)14  5.7  gi. 

7pt. 

2)3  6     pt. +1.7gi. 

X    4gi. 

18     qt.  +     0  pt. 

28  gi. 

Ans.  =  18  qt.  1.7  gi. ; 

+    3gi. 

or,  4  gal.  2  qt.  1.7  gi. 

31.gi. 

(IIO)     (3  1b.  10 

oz.  13  pwt.  12  gr.)  X  1.5=  ? 

3  lb.  10  oz.  13  pwt.  12  gr. 

X  12 

3  6     oz. 

+  10 

4  6     oz. 

X     20 

9  2  0  pwt. 

+    13 

9  3  3  pwt. 

X     24 

223  92  gr. 

+     12 

2  2  404  gr. 

22.404  gr.  X  1.5  = 

=  33,606  gr. 

24 )  3  3  6  0  6  gr. 

20 )1400  pwt.  +  6  gr 
12  )_7_0  oz.  -f-  0  pwt. 
6  lb.  +  10  oz. 


56  ARITHMETIC. 

Since  there  are  24  gr.  in  1  pwt.,  in  33,606  gr.  there  are  as 
many  pwt.  as  24  is  contained  times  in  33,006,  or  1,400  pwt. 
and  6  gr.  remaining.  This  gives  us  the  number  of  grains 
in  the  answer.  We  now  reduce  1,400  pwt.  to  higher  denom- 
inations. Since  there  are  20  pwt.  in  1  oz.,  in  1,400  pwt. 
there  are  as  many  ounces  as  20  is  contained  times  in  1,400, 
or  70  oz.  and  0  pwt.  remaining;  therefore,  there  are  0  pwt. 
in  the  answer.  We  reduce  70  oz.  to  higher  denominations. 
Since  there  are  12  oz.  in  1  lb.,  in  70  oz.  there  are  as 
many  pounds  as  12  is  contained  times  in  70,  or  5  lb. 
and  10  oz.  remaining.  We  can  not  reduce  5  lb.  to  any 
higher  denominations.  Therefore,  our  answer  is  5  lb.  10  oz. 
6gr. 

Another  bat  more  complicated  way  of  working  this 
problem  is  as  follows: 

To  get  rid  of  the  decimal 
in  the  pounds,  reduce  .5  of  a 
pound  to  ounces.  Since 
1  lb.  =  12  oz.,  ,5  of  a  pound 
equals  .5  lb.  X  12  =  6  oz. 
6  oz.  -f- 15  oz.  =  21  oz.  We 
now  have  4  lb.  21  oz.  19. 5  pwt. 
and  18  gr.,  but  we  still  have  a 
decimal  in  the  column  of  pwt.,  so  we  reduce  .5  pwt.  to  grains 
to  get  rid  of  it.  Since  1  pwt.  =  24  gr.,  .5  pwt.  =  .5  pwt. 
X  24=  12  -gr.  12  gr.  +  18  gr.  =  30  gr.  We  now  have  4 
lb.  21  oz.  19  pwt.  and  30  gr.  Since  there  are  24  gr.  in  1  pwt. , 
in  30  gr.  there  is  1  pwt.  and  6  gr.  remaining.  Place  6  gr. 
under  the  column  of  grains  and  add  1  pwt.  to  the  pwt. 
column.  Adding  1  pwt.,  we  have  19  +  1  =  ^0  pwt.  Since 
there  are  20  pwt.  in  1  oz.,  we  have  1  oz.  and  0  pwt.  remain- 
ing. Write  the  0  pwt.  under  the  pwt.  column,  and  reserve 
the  1  oz,  to  the  oz.  column.  21  oz,  -)-  1  oz.  =  22  oz.  Since 
there  are  12  oz.  in  1  lb.,  in  22  oz.  there  is  1  lb.  and  10  oz. 
remaining.  Write  the  10  oz.  under  the  ounce  column,  and 
reserve  the  1  lb.  to  add  to  the  lb.  column.  4  lb.  -f-  1  lb. 
(reserved)  =  5  lb.  Hence,  the  answer  equals  5  lb.  10  oz. 
6gr.      . 


lb. 

oz. 

pwt. 

gr- 

3 

10 

13 

1  2 

1.5 

4.5 

15 

19.5 

1  8 

or,  4 

21 

19 

3  0 

or,  5 

10 

0 

6  Ans, 

bu. 
2 

pk. 
3 

qt. 
6 
9 

18 

27 

54 

,26 

1 

6 
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(111)  If  each  barrel  of  apples  contains  2  bu.  3  pk.  and 
6  qt.,  then  9  bbl.  will  contain  9  X  (2  bu.  3  pk.  6  qt.). 

We  write  the  multiplier  under  the  lowest  denomination  of 
the  multiplicand,  which  is  quarts  in  this  problem.  9  times 
6  qt.  equals  54  qt.  There  are  8  qt.,in  1 
pk.,  and  in  54  qt.  there  are  as  many  pecks 
as  8  is  contained  times  in  54,  or  6  pk.  and 
6  qt.  We  write  the  6  qt.  under  the  col- 
umn of  quarts,  and  reserve  the  6  pk.  to 
add  to  the  product  of  the  pecks.  9  times 
3  pk.  equals  27  pk. ;  27  pk.  plus  the  G  pk. 
reserved  equals  33  pk.  Since  there  are  4  pk.  in  1  bu.,  in  33 
pk.  there  are  as  many  bushels  as  4  is  contained  times  in  33, 
or  8  bu.  and  1  pk.  remaining.  We  write  the  1  pk.  under 
the  column  of  pecks,  and  reserve  the  8  bu.  for  the  product 
of  the  bushels.  9  times  2  bu.  pjus  the  8  bu.  reserved  equals 
26  bu.  Therefore,  we  find  that  9  bbl.  contain  26  bu.  1  pk. 
6  qt.  of  apples.     Ans. 

(112).  (7  T.  15  cwt.  10.5  lb.)  X  1.7=  ?  When  the  mul- 
tiplier  is  a  decimal,  instead  of  multiplying  the  denominate 
numbers  as  in  the  case  when  the  multiplier  is  a  whole  num- 
ber, it  is  much  easier  to  reduce  the  denominate  numbers  to 
the  lowest  denomination  given ;  then,  multiply  that  result 
by  the  decimal,  and,  lastly,  reduce  the  product  to  higher 
denominations.  Although  the  correct  answer  can  be  ob- 
tained by  working  examples  involving  decimals  in  the 
manner  as  in  the  last  example,  it  is  much  more  complicated 
than  this  method.  7  t.  15  cwt.  10.5  lb. 

X     20 


14  0     cwt. 
15 

15  5     cwt. 
X        100 

15  500     lb. 

10.5 
15510.5  1b. 
15,510.5  lb.  X  1.7  =  26,367.85  lb. 
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There  are  100  lb.  in  1  cwt.,  and  in  26,367.85  lb.  there  are 
as  many  cwt.  as  100  is  contained  times  in  26,367.85,  which 

equals  263  cwt.  and  67.85  lb. 

100  )  2  6  3  6  7.8  5  lb.  remaining.      Since   we   have 

20)  2  6  3  cwt.  +  67.85  lb.  the   number   of    pounds   for 

1  3  T.  4-  3  cwt.  our   answer,   we   reduce   263 

cwt.  to  higher  denominations 

There  are  20  cwt.  in  1  ton,  and  in  263  cwt.  there  are  as 

many  tons  as  20  is  contained  times  in  263,  or  13  tons  and  3 

cwt.    remaining.     Since   we   cannot   reduce    13    tons    any 

higher,  our  answer  is  13  T.  3  cwt.  67.85  lb.     Or,  since  .85 

lb.  =  .85  lb,  X  16  =  13.6  oz.,    the   answer   may  be   written 

13  T.  3  cwt.  67  lb.  13.6  oz. 

(113)  7  )  358  A.     57  sq.  rd.      6  sq.  yd.      2  sq.  ft. 

51  A.     31  sq.  rd.     0  sq.  yd.     8  sq.  ft.   Ans. 

We  begin  with  the  highest  denomination,  and  divide  each 
term  in  succession  by  7. 

7  is  contained  in  358  A.  51  times  and  1  A.  remaining. 
We  write  the  51  A.  under  the  358  A.  and  reduce  the  remain- 
ing 1  A.  to  square  rods  =  160  sq.  rd. ;  160  sq.  rd.  +  the  57 
sq,  rd.  in  the  dividend  =  217  sq.  rd.  7  is  contained  in  217 
sq.  rd.  31  times  and  0  sq.  rd.  remaining.  7  is  not  contained 
in  6  sq,  yd.,  so  we  write  0  under  the  sq.  yd.  and  reduce 
6  sq.  yd.  to  square  feet.  9  sq.  ft.  X  6  =  54  sq.  ft.  54  sq.  ft. 
+  2  sq.  ft.  in  the  dividend  =  56  sq.  ft.  7  is  contained  in 
56  sq.  ft.  8  times.  We  write  8  under  the  2  sq.  ft.  in  the 
dividend. 

(114)  12  )  282  bu.  3  pk.          1  qt.          1  pt. 

23  bu,  2  pk.  2  qt.  i  pt.  Ans. 
12  is  contained  in  282  bu.  23  times  and  6  bu.  remaining. 
We  write  23  bu.  under  the  282  bu.  in  the  dividend,  and 
reduce  the  remaining  6  bu.  to  pecks  =  24  pk.  -f-  the  3  pk.  in 
the  dividend  =  27  pk.  12  is  contained  in  27  pk.  2  times  and 
3  pk.  remaining.  We  write  2  pk.  under  the  3  pk.  in  the 
dividend,  and  reduce  the  remaining  3  pk.  to  quarts.  3  pk. 
=  24  qt. ;  24  qt.  +  the  1  qt.  in  the  dividend  =  25  qt.  12  is 
contained  in  25  qt.  2  times  and  1  qt.  remaining.     We  write 
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2  qt.  under  the  1  qt.  in  the  dividend,  and  reduce  1  qt.   to 
pints  =  2  pt.  +  the  1  pt.  in  the  dividend  =  3  pt.     3  -r-  12  = 

I2^^4P^ 

(1 15)  We  must  first  reduce  23  miles  to  feet  before  we 
can  divide  by  30  feet.  1  mi.  contains  5,280  ft. ;  hence,  23 
mi.  contain  5,280  X  23  =  121,440  ft. 

121,440  ft.  -^  30  ft.  =  4,048  rails  for  1  side  of  the  track. 
The  number  of  rails  for  2  sides  of  the  track  =  2  X  4,048, 
or  8,096  rails.     Ans. 

(116)  In  this  case  where  both  dividend  and  divisor  are 
compound,  reduce  each  to  the  lowest  denomination  men- 
tioned in  either  and  then  divide  as  in  simple  numbers. 


1  bu.  1  pk. 
X4 

7qt. 

3  5  6  bu.  3  pk.  5  qt. 

X4 

4pk. 
+  1 

5  pk. 
X8 

1  4  2  4  pk. 

+  3 

142  7  pk. 

X8 

40  qt. 

+  7 

1 1  4  1  6  qt. 

+  5 

4  7qt. 
47)11421(243 

1 1  4  2  1  qt. 

94 

202 
188 

11,421  qt.-^  47  qt.  =  243  boxes 

Ans. 

141 

141 

(117)     We  must  first  reduce  16  square  miles  to  acres. 
In  1  sq.  mi.  there  are  640  A. ,  and  in  16  sq.  mi.  there  are 
16  X  G40  A.  =  10,240  A. 

62  )  1  0  2  4  0  A. 

165  A.  25sq.rd.  24sq.yd.  3 sq.ft.  SO+sq.  in.    Ans. 
if.  /;.    M.—5 
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62  is  contained  in  10,240  A.  165  times  and  10  A.  remain- 
ing. We  write  165  A.  under  the  10,240  A.  in  the  dividend 
and  reduce  10  A.  to  sq.  rd.  In  1  A.  there  are  160  sq.  rd., 
and  in  10  A.  there  are  10  X  160  =  1,600  sq.  rd.  62  is  con- 
tained in  1,600  sq.  rd.  25  times  and  50  sq.  rd.  remaining. 
We  write  25  sq.  rd.  in  the  quotient  and  reduce  50  sq.  rd.  to 

sq.  yd.      In  1  sq.  rd.  there  are  30—  sq.  yd.,  and  in  50  sq.  rd. 

4 

there  are  50  times  30y  sq.  yd.  =  1,512—  sq.  yd.      G2   is    con- 
4  2 

tained  in  1,512—  sq.  yd.  24  times  and  24—  sq.  yd.  remaining. 
2  2 

In  1  sq.  yd.  there  are  9  sq.  ft.,  and  in  24—  sq.  yd.    there  are 

2 

24-  X  9  =  220-  sq.  ft.    62  is  contained  in  220-  sq.ft.  3  times 
/i  Z  2 

and  34—  sq.  ft.  remaining.     We  write  3  sq.  ft.  in  the  quo- 
2 

tient  and  reduce  34—  sq.  ft.  to  sq.  in.     In  1  sq.  ft.  there  are 

144  sq.  in.,  and  in  34-  sq.  ft.  there  are  34-  X  144  ==  4,968 
Z  2 

sq.  in.     62  is  contained  in  4,968  sq.  in.  80  times  and  8  sq.  in. 

remaining. 

We  write  80  sq.  in.  in  the  quotient. 

It  should  be  borne  in  mind  that  it  is  only  for  the  purpose 
of  illustrating  the  method  that  this  problem  is  carried  out 
to  square  inches.  It  is  not  customary  to  reduce  any  lower 
than  square  rods  in  calculating  the  area  of  a  farm. 

(118)  To  square  a  number,  we  must  multiply  the 
number  by  itself  once,  that  is,  use  the  number  twice  as  a 
factor.  Thus,  the  second  power  of  108  is  108  X  108  =  11,664. 
Ans. 

108 

108 


864 
108 

11664 


338  51. 5G  25 
1  81.25 


32851 56  25 
2628125  000 
3285156  25 
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(119)  181.2  5  The  third  power  of  181.25 
1  8  1.2  5  equals  the  number  obtained  by 
Q  Qg  25            using  181.25  as  a  factor  three 

3  6  2  5  0  times.   Thus,  the  third  power  of 

jg^25  181.25     is     181.25  X  181.25  X 

j^gQQQ  181.25  =  5,954,345.703125.  Ans. 

1312  5  Since   there    are    2    decimal 

places  in  the  multiplier,  and  2 
i)\  the  multiplicand,  there  are  2 
-|-  2  =  4  decimal  places  in  the 

164  2  578125  first  product. 

657031250  gj^^^^    ^^^^^    ^^^    ^   decimal 

places  in  the  multiplicand,  and 
2  in  the  multiplier,  there  are  4 
-|-  2  =  G  decimal  places  in  the 
595434  5.7  0312  5  final  product. 

(120)  2  7.61  The  fourth  power  of  27.61  is 
2  7.61  the  number  obtained  by  using 
27~6~1         27.61   as   a  factor   four   times. 

16  5  6  6  Thus,  the  fourth  power  of  27.61 

193  27  is         27.61  X  27.61  X  27.61  X 

6  52  2  27.61  =  581,119.73780641.   Ans. 

Since    there    are    2    decimal 

places  in  the  multiplier  and  2 

in  the  multiplicand,  there  are  2 

7623121  _|.2=z4  decimal  places  in  the 

45738726  first  product. 

5336  1847  Since    there    are    4   decimal 

15246242  places  in  the  multiplicand  and 

2104 7. 437081         ^in  the  multiplier,  there  are  4 

2761  +2  =  6  decimal  places  in  the 

second  product. 

210  47  43  70  81  since    there    are    6    decimal 

126  2  84622486 


7  62.31  21 
2  7.61 


14733205  95  67 
42094874162 


places  in  the  multiplicand  and 
2  in  the  multiplier,  there  are  6 
+  2  =  8  decimal  places  in  the 


581119.7  3780641  final  product. 
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(121)     {a)  106'  =  106  X  106  =  11,236.     Ana. 

106 
106 


636 
1060 

11236 
{d)     A82|y  =  182ixl82|=  33,169.615626.     Ans. 

1  182.126 

8=8IM00  182.125 

.12  5  Since    there    are    3 

9106  25  decimal  places  in  the 
multiplier  and  3  in  the 
multiplicand,  there  are 
3  +  3  =  6  decimal 
places  in  the  product. 


364250 
182125 
364250 
1457000 
182125 


33169.515625 

(c)    .005'  =  .005  X  .005  =  .000025.  Ans. 

Q  Q  K  Since  there  are  3  decimal  places 

QQ  K  in  the  multiplicand  and  3  in  the 

multiplier,    there    are    3  +  3  =  6 

.000025    Ans.         decimal  places  in  the  product. 

{d)     .0063'  =  .0063  X  .0063  =  .00003969.     Ans. 
.0063 

0  0  6  3  Since  there  are  4  decimal  places 

in  the  multiplicand  and  4  in  the 
multiplier,  there  are  4+4  =  8 
decimal  places  in  the  product. 


189 
378 


.0  0003969  Ans. 


(e)     10.06'  =  10.06  X  10.06  =  101.2036.     Ans. 
10.0  6 

1  0. 0  6  Since  there  are  2  decimal  places 

in  the  multiplicand  and  2  in  the 
IQQQQQ  multiplier,    there   are   2  +  2  =  4 

decimal  places  in  the  product. 


101.2036 
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(122)     (^)     753'  =  753  X  753  X  753  =  426,957,777.  Ans. 

753 
753 
2259 
8765 
5271 


567009 
753 

1701027 
2835045 
3969063 
426957777 
(d)   987.4*=  987.4  X  987.4  X  987.4  =  902,674,279.624.  Ans. 

9  8  7.4 

9  8  7.4  Since  there  is  1  decimal  place 

3  9  4  9  6  in  the  multiplicand  and  1  in  the 

6  9118  multiplier,  there  are  1  +  1  =  2 

789  92  decimal     places     in     the    first 

88866  product. 

974958.7  6 

9  8  7.4  Since    there    are    2   decimal 

389983504  places  in  the  multiplicand  and 

682471132  one  in  the  multiplier,  there  are 

779967008  2  +  1  =  3  decimal  places  in  the 

877462884  final  product. 

962  6  7  42  7  9.6  2  4 

(r)     .005*  =  .005  X  .005  X  .005  =  .000000125.     Ans. 

Since  there  are  3  decimal  places  in  the  multiplicand  and 

3  in  the  multiplier,  there  are  3  +  3  =  6  decimal  places  in  the 

first  product;  but,  as  there  are  only  2 

.OOo        figures   in  the  product,  we  prefix  four 

-^^^        ciphers  to  make  the  six  decimal  places. 

.0  00  02  5  Since  there  are  six  decimal  places  in 

.0  0  5         the   multiplicand   and   3   in  the  multi- 

000000  125         plier,  there  are  0  +  3  =  9  decimal  places 

in  the  final  product.     In  this  case  we 

prefix  six  ciphers  to  form  the  nine  decimal  places. 
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(d)  .4044'=  .4044  X  .4044  X  .4044  =  .066135317184,    Ans. 
AQAA  Since    there    are    4    decimal 

40  44  places  in  the  multiplicand   and 

4  in   the    multiplier,  there  are 


Iblvb  4_[_4zz:8  decimal  places  in  the 

1  ^  1  "^  ^  first  product. 

•^        *  Since    there   are    8    decimal 


.16353936  places    in  the  second    multipli- 

.40  44  cand  and  4  in  the  multiplier, 

6  5415  744  there   are    8  +  4  =  12    decimal 

65415744  places  in  the  final  product ;  but, 

654157440  ^^  there  are  only  11  figures  in 

the  product,  we  prefix  1  cipher 


.066135317184  ^^  ^^y.^  ^^  decimal  places. 

(123)  2^  =  2X2X2X2X2  =  32.  Ans, 

(124)  3^  =  3X3X3X3  =  81.  Ans. 

(125)  {a)   67.85'  =  67.85  X  67.85  =  4,603.6225.  Ans. 

6  7.8  5 

^'•°^  Since    there    are    2   decimal 

3  3  9  2  5  places  in  the  multiplier  and  2 

6  4  2  8  0  in  the  multiplicand,  there  are 

47495  2  +  2  =  4  decimal  places  in  the 

40  710  product. 

4  6  0  3.6  2  25     Ans. 

{d)  967,845'  =  967,845  X  967,845  =  936,723,944,025.     Ans. 

967845 
967845 


4839225 
3871380 
7742760 
6774915 
5807070 
8710605 

936723944025 
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(c)  A  fraction  may  be  raised  to  any  power  by  raising  both 
numerator  and  denominator  to  the  required  term. 

/3  \'      3       3       3X3       9 
Thus,  \^-j   =  _  X  K-  =  TTTT^  =  TTT.     Ans. 


8X8       64 


(^)  ay 


T  >^  T  =  "i 7  =  T7.-      Ans. 

4       4       4x4      16 


(1 26)     («)  5'"  =  5X5X5X5X5X5X5X5X5X5  = 
9,765,625.     Ans. 


9*  = 

=9X9X9X9X9= 

5 
5 

25 

5 

125 
5 

625 
5 

59,049. 

Ans. 

9 

9 

81 
9 

729 
9 

6561 
9 

3125 
5 

59049 

15625 
5 

78125 
5 

390625 
5 

1953125 
5 

9765625 

(127)     («)  1.2*  =  1.2  X  1.2  X  1.2  X  1.2  =  2.0736.      Ans. 

Since  there  is  1  decimal  place  in  the  multiplicand  and  1  in 
the  multiplier,  we  must  point  off  1  +  1*=  2  decimal  places 
in  the  first  product. 
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Since  there  are  2  decimal  places  in  the  second  multipli- 
cand and  1  in  the  multiplier,  we  must  point  off  2  +  1  =  3 
decimal  places  in  the  second  product. 

Since  there  are  3  decimal  places  in  the  third  multiplicand 
and  1  in  the  multiplier,  we  must  point  off  3  +  1  =  4  decimal 
places  in  the  final  product. 


1.2 
1.2 

24 
12 

1.4  4 
1.2 

288 
144 

1.7  2  8 
1.2 

3456 
1728 

2.0  7  3  6 

{d)   11*  =  11  X  11  X  11  X  11  X  11  X  11  =  1,771,561.  Ans 

11 
11 


121 
11 


1331 
11 

14641 
11 

161051 
U 

1771661 
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(c)  l'=lXlXlXlXlXlXl  =  l.     Ans. 

(d)  .or  =  .01  X  .01  X  .01  X  .01  =  .00000001.     Ans. 
Since  there  are  2  decimal  places  in  the  multiplicand  and 
in  the  multiplier,  we  must  point  off  2  +  2  =  4  decimal 

places  in  the  first  product;  but,  as  there 
.0 1       is    only    1    figure    in    the    product,    we 
.01       prefix  3  ciphers  to  make  the  4  necessary 
■  decimal  places. 

Since  there   are  4  decimal   places   in 
the   second   multiplicand    and    2   in   the 


.00  0001       multiplier,  we  must  point  off  4  +  2  =  6 
•01       decimal   places   in  the   second  product. 


.0  0000  001       It   is   necessary  to   prefix    5   ciphers  to 

make  6  decimal  places. 

Since  there  are  6  decimal  places  in  the  third  multiplicand 

and  2  in  the  multiplier,  we  must  point  off  6  +  2  =  8  decimal 

places  in  the  product.     It  is  necessary  to  prefix  7  ciphers  to 

make  8  decimal  places  in  the  final  product. 

(e)  .V  -.1  X  .1  X  .1  X  .1  X  .1  =  .00001.     Ans. 
Since  there  is  1  decimal  place  in  the  multiplicand  and 
1  in  the  multiplier,   we  must  point  off  1  +  1  =  2  decimal 
places  in  the  first  product.     It  is  necessary  to 
•1      prefix  1  cipher  to  the  product. 
•1  Since   there   are   2   decimal   places   in  the 

,QX       second  multiplicand  and  1  in  the  multiplier, 
I      we  must  point  off  2+1  =  3  decimal  places 
■■  in  the   second  product.      It  is  necessary  to 

prefix  2  ciphers  to  the  second  product. 

Since   there   are   3   decimal   places   in  the 


.00  01       third  multiplicand  and  1  in  the  multiplier,  we 
-1      must  point   off   3+1  =  4   decimal  places  in 


.00001       the  third  product.     It  is  necessary  to  prefix 
3  ciphers  to  this  product. 
Since  there   are  4  decimal  places   in  the  fourth   multi- 
plicand and  1  in  the  multiplier,  we  must  point  off  4  +  1 
or  5  decimal  places  in  the  final  product.     It  is  necessary  to 
prefix  4  ciphers  to  this  product. 
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(128)   {a)  .0133'  =.0133  x.0133  X  .0133  =.000002352637. 

Ans. 

Since  there  are  4  decimal  places  in  the  multiplicand  and  4 

in    the    multiplier,   we    must    point    off    4+4=8    decimal 

places    in    the    product;     but,    as 

.0133  there   are   only  5    figures   in   the 

.0133  product,  we  prefix    three   ciphers 

3  9  9  to  form  the  eight  necessary  deci- 

3  9  9  mal  places  in  the  first  product. 

13  3  Since  there  are  8  decimal  places 

-  ^  ^  ^  ^  ^  ^  ^  in  the  multiplicand  and  4  in  the 

.00017689  ,^.  ..  ^  ^       •   ^    fl:  o   . 

multiplier,  we  must  point  off  8  + 

'. 4  =  12  decimal  places  in  the  prod- 

5  3  067  uct;    but,    as    there    are    only  7 

5  3  0  6  7  figures  in  the  product,  we  prefix 

17  6  8  9  5  ciphers  to  make  the   12  neces- 


.000002352637  sary  decimal   places   in  the   final 

product. 

(3)     301.011*  =  301.011  X  301.011  X  301.011  = 

27,273,890.942264331.  Ans. 


301.011 
301.011 


Since  there  are  3  decimal 

places   in    the    multiplicand 

3  01011  and  3  in  the  multiplier,  we 

3  01011.  must    point    off    3  +  3  =  6 

3  010110  decimal   places   in   the    first 

9030330  product. 

90607.622121 

3  01.011  Since  there  are  6  decimal 

90607622121  places   in    the    multiplicand 

90607622121  ^^^  ^  in  the  multiplier,  we 

906076221210  must    point    off    6  +  3  =  9 

27182286  6  3630  decimal   places   in   the  final 

27273890.942264331  Product. 
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(\     Z^*-!      1      1  _  1  X  1  X  1_    1  . 

^^^     VS;    ~  8  ^  8  ^  8  ~  8  X  8  X  8  ~  512-     ^^^ 

{d)  To  find  any  power  of  a  mixed  number,  first  reduce  it 
to  an  improper  fraction,  and  then  multiply  the  numerators 
together  for  the  numerator  of  the  answer,  and  multiply  the 
denominators  together  for  the  denominator  of  the  answer. 


(4)'=^ 


^X-X-  -15X15X15_3,375  _ 
4^4^4~     4X4X4     -     64    -  ^^-^^^^^ 

Ans. 


.  15  _ 

15  X  15  X  15 

4 

4X4X4 

3x4  +  3_  12  +  3_ 

3  _  3x4  +  3  _  12  +  3  _  15 

4  ~         4         ~       4       ~  4  • 


15  64)3375.000(52.734  + 

15  3  2  0 


75  175 

15  128 


225  470 

15  448 


1125  220 

225  192 


3376  280 

256 

~2l 

Since  f/ircc  ciphers  were  annexed  to  the  dividend,  f/iree 
decimal  places  must  be  pointed  off  in  the  quotient.  It  is 
easy  to  see  that  the  next  figure  will  be  a  3 ;  hence,  write  the 
sign  +  ,  as  shown. 

(129)  Evolution  is  the  reverse  of  involution.  In  invo- 
lution we  find  the  power  of  a  number  by  multiplying  the 
number  by  itself  one  or  more  times,  while  in  evolution  we 
find  the  number  or  root  which  was  multiplied  by  itself  one  or 
more  times  to  make  the  power. 
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(130)  (a)  1 

1 


20 
_8 

28 
8 
360 

6 

366 

6_ 

3720 

7 

3727 

7 

3734 


i/3'4  8'6  7'8  4.4  0'10  =  1867. 29  +  Ans. 
1 

248 
224 


2467 
2196 

27184 
26089 

3734  )  1  0  9  5.0  0  0  (.293  or  .29  + 
746  8 

348  20 
336  06 


12  140 


Explanation. — Applying  the  short  method '  described  in 
Art.  272,  we  extract  the  root  by  the  regular  method  to 
four  figures,  since  there  are  six  figures  in  the  answer,  and 
6  -=-  2  +  1  =  4.  The  last  remainder  is  1095,  and  the  last  trial 
divisor  (with  the  cipher  omitted)  is  3734.  Dividing  1095  by 
3734,  as  shown,  the  quotient  is  .293  +  ,  or  .29  +  using  two 
figures.     Annexing  to  the  root,  gives  1,867.29  +  .     Ans. 
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{b)    ia)    3          >/9'0  O'O  0'9  9. 4  O'O  9'0  0  =  3000.0165  +  Ans. 
3_(^)    9 

{d)     60  {c)       0000994009 
0  600001 


600         39400800 

0_        36000156 

6000 
0 


3400644 


60000 
0_ 

600000 

1 

600001 

1_ 

6  0  0  0  0  2  0 

6 

6000026 

Explanation. — Beginning  at  the  decimal  point  we  point 
off  the  whole  number  into  periods  of  two  figures  each,  pro- 
ceeding from  right  to  left ;  also,  point  off  the  decimal  into 
periods  of  two  figures  each,  proceeding  from  /e/t  to  right. 
The  largest  number  whose  square  is  contained  in  the  first 
period,  9,  is  3 ;  hence,  3  is  the  first  figure  of  the  root.  Place 
3  at  the  left,  as  shown  at  (a),  and  multiply  it  by  the  first  fig- 
ure in  the  root,  or  3.  The  result  is  9.  Write  9  under  the 
first  period,  9,  as  at  (^),  subtract,  and  there  is  no  remainder. 
Bring  down  the  next  period,  which  is  00,  as  shown  at  (r). 
Add  the  root  already  found  to  the  3  at  (<2),  obtaining  6,  and 
annex  a  cipher  to  this  6,  thus  making  it  60,  which  is  the  trial 
divisor^  as  shown  at  (</).  Divide  the  dividend  (r)  by  the 
trial  divisor,  and  obtain  0  as  the  next  figure  in  the  root. 
Write  0  in  the  root,  as  shown,  and  also  add  it  to  the  trial 
divisor,  60,  and  annex  a  cipher,  thereby  making  the  next  trial 
divisor  600.  Bring  down  the  next  period,  00,  annex  it  to  the 
dividend  already  obtained,  and  divide  it  by  the  trial  divisor. 
600  is  contained  in  0000,  0  times,  so  we  place  another  cipher 
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in  the  root.  Write  0  in  the  root,  as  shown,  and  also  add  it 
to  the  trial  divisor,  600,  and  annex  a  cipher,  thereby  making 
the  next  trial  divisor  6,000.  Bring  down  the  next  period,  99. 
The  trial  divisor  6,000  is  contained  in  000099,  0  times,  so  we 
place  0  as  the  next  figure  in  the  root,  as  shown,  and  also  add 
it  to  the  trial  divisor  6,000.,  and  annex  a  cipher,  thereby  mak- 
ing the  next  trial  divisor  60,000.  Bring  down  the  next  period, 
40,  and  annex  it  to  the  dividend  already  obtained  to  form 
the  new  dividend,  00009940,  and  divide  it  by  the  trial  divisor 
60,000.  60,000  is  contained  in  00009940,  0  times,  so  we  place 
another  cipher  in  the  root,  as  shown,  and  also  add  it  to  the 
trial  divisor  60,000,  and  annex  one  cipher,  thereby  making 
the  next  trial  divisor  600,000.  Bring  down  the  next  period, 
09,  and  annex  it  to  the  dividend  already  obtained  to  form 
the  new  dividend,  0000994009,  and  divide  it  by  the  trial  di- 
visor 600,000.  600,000  is  contained  in  0000994009  once,  so 
we  place  1  as  the  next  figure  in  the  root,  and  also  add  it  to 
the  trial  divisor  600,000,  thereby  making  the  complete  divisor 
600,001.  Multiply  the  complete  divisor,  600,001,  by  1,  the 
sixth  figure  in  the  root,  and  subtract  the  result  obtained 
from  the  dividend.  The  remainder  is  394,008,  to  which  we 
annex  the  next  period,  00,  to  form  the  next  new  dividend,  or 
39,400,800.  Add  the  sixth  figure  of  the  root,  or  1,  to  the 
divisor  600,001,  and  annex  a  cipher,  thus  obtaining  6,000,020 
as  the  next  trial  divisor.  Dividing  39,400,800  by  6,000,020, 
we  find  6  to  be  the  next  figure  of  the  root.  Adding  this  last 
figure,  6,  to  the  trial  divisor,  we  obtain  6,000,026  for  our 
next  complete  divisor,  which,  multiplied  by  the  last  figure  of 
the  root,  or  6,  gives  36,000,156,  which  write  under  39,400,800 
and  subtract.  Since  there  is  a  remainder,  it  is  clearly  evi- 
dent that  the  given  power  is  not  a  perfect  square,  so  we 
place  +  after  the  root.  Since  the  next  figure  is  5,  the 
answer  is  3,000.017  — . 

In  this  problem  there  are  seven  periods — four  in  the  whole 
number  and  three  in  the  decimal — hence,  there  will  be  seven 
figures  in  the  root,  four  figures  constituting  the  whole 
number,  and  three  figures  the  decimal  of  the  root.  Hence, 
4/9,000,099.4009  =  3,000.017  — 


i/.0  0'12'2  5  = 

.035. 

00 

12 

9 

325 

32  5 
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(^)  ^  i/.0  0'12'2  5  =  .035.      Ans. 

3 

60 
5 

65 


Pointing  off  periods,  we  find  that  the  first  period  is  com. 
posed  of  ciphers;  hence,  the  first  figure  of  the  root  will  be  a 
cipher.  No  further  explanation  is  necessary,  since  this  prob- 
lem is  solved  in  a  manner  exactly  similar  to  the  problem 
solved  in  Art.  264.  Since  there  are  three  decimal  periods 
in  the  power,  there  will  be  three  decimal  figures  in  the  root. 

(131)     {a)  1  4/l'0  7'9  5.21  =  103.9     Ans. 

1  1 


20  0795 

0  G09 


200  18621 

3  18621 


203 
3 

2060 
9 

206  9 

ip^  2  4/7'3  0'0  8.04  =  270.2     Ans. 

2  4 


40  330 

7  329 


47  10804 

7  10804 


5400 
2 

6402 
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9 

9 

f'g  0.0  O'OO'O  0  =  9.487 - 
81                                    Ana 

180 
4 

900 
736 

184 
4 

1  6400 
1  5104 

1880 
8 

1896  )  12  96.0  0  (.68  + or. 7- 
11376 

1888 
8 

15840 
15168 

1896 
Having  found  the  first  three  figures,  we  find  the  fourth 
by  division,  as  shown. 

(d)     4/:09  =  .3.     Ans. 


'1?'.3  2  7'6  8  0'00  0  =  .6894  + 
216  Ans. 


111680 
98432 


(132)  (a) 

6       36 
_6       72 

1^  10800 

_^      1504 

180  

8  13304  13248000 

l¥8      ^^^^  12650769 

8  138  7200   1424163  )597231.00 (.41+or.44' 

196       184.4.1  5696652 

S  14  0  5  6  41 

2040      18522 


2049 

9 

2058 
9 


_?    1424163 


2  7  5  6  5  8  C 
14241 63 


2067 

Here  we  find  the  first  three  figures  in  the  regular  way, 
and  the  fourth  figure  by  the  short  method.      See  Art.  284. 
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Explanation. — (1)  When  extracting  the  cube  root  we 
divide  the  power  into  periods  of  three  figures  each.  Always 
begin  at  the  decimal  point,  and  proceed  to  the  left  in  point- 
ing off  the  whole  number,  and  to  the  right  in  pointing  off 
the  decimal.  In  this  power  ^,32768,  a  cipher  must  be 
annexed  to  68  to  complete  the  second  decimal  period. 
Cipher  periods  may  now  be  annexed  until  the  root  has  as 
many  figures  as  desired. 

(2)  We  find  by  trial  that  the  largest  number  whose  cube 
is  contained  in  the  first  period,  327,  is  6.  Write  6  as  the  first 
figure  of  the  root,  also  at  the  extreme  left  at  the  head  of 
column  (1).  Multiply  the  6  in  column  (1)  by  the  first  figure 
of  the  root,  6,  and  write  the  product  36  at  the  head  of 
column  (2).  Multiply  the  number  in  column  (2)  by  the 
first  figure  of  the  root,  6,  and  write  the  product  216  under 
the  figures  in  the  first  period.  Subtract  and  bring  down 
the  next  period  680;  annex  it  to  the  remainder  111,  thereby 
obtaining  111,680  for  a  new  dividend.  Add  the  first  figure 
of  the  root,  6,  to  the  number  in  column  (1),  obtaining 
12,  which'  we  call  the  first  correction ;  multiply  the  first 
correction  12  by  the  first  figure  of  the  root,  and  we  obtain 
72  as  the  product,  which,  added  to  36  of  column  (2),  gives 
108.  Annexing  two  ciphers  to  108,  we  have  10,800  for  the 
trial  divisor.  Dividing  the  dividend  by  the  trial  divisor,  we 
see  that  it  is  contained  about  8  times,  so  we  write  8  as  the 
second  figure  of  the  root.  Add  the  first  figure  of  the  root 
to  the  first  correction,  and  we  obtain  18  as  the  second  cor- 
rection. To  this  annex  one  cipher,  and  add  the  second  figure 
of  the  root,  and  we  obtain  188.  This,  multiplied  by  the  sec- 
ond figure  of  the  root,  8,  equals  1,504,  which,  added  to  the 
trial  divisor  10,800,  forms  the  complete  divisor  12,304. 
Multiplying  the  complete  divisor  12,304  by  8,  the  second 
figure  of  the  root,  the  result  is  98,432.  Wrili  98,432  under 
the  dividend  111,680;  subtract,  and  there  is  a  remainder 
of  13,248.  To  this  remainder  annex  the  next  period  000, 
thereby  obtaining  13,248,000  for  the  next  new  dividend. 

(3)  Adding  the  second  figure  of  the  root,  8,  to  the  num- 
ber  in    column    (1),   188,  we  have   196    for   the  first  new 

1/.  /;.     V7.— 6' 
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correction.  This,  multiplied  by  the  second  figure  of  the  root, 
8,  gives  1,568.  Adding  this  product  to  the  last  complete 
divisor,  and  annexing  two  ciphers,  gives  1,387,200  for  the 
next  trial  divisor.  Adding  the  second  figure  of  the  root,  8, 
to  the  first  new  correction,  196,  we  obtain  204  for  the  new 
second  correction.  Dividing  the  dividend  by  the  trial  divisor 
1,387,200,  we  see  that  it  is  contained  about  9  times.  Write 
9  as  the  third  figure  of  the  root.  Annex  one  cipher  to  the 
new  second  correction,  and  to  this  add  the  third  figure  of  the 
root,  9,  thereby  obtaining  2,049.  This,  multiplied  by  9,  the 
third  figure  of  the  root,  equals  18,441,  which,  added  to  the 
trial  divisor,  1,387,200,  forms  the  complete  divisor  1,405,641. 
Multiplying  the  complete  divisor  by  the  third  figure  of  the 
root,  9,  and  subtracting,  we  have  a  remainder  of  597,231. 
We  then  find  the  fourth  figure  by  division,  as  shown. 

{b)  4  16  f  7  4'0  8  8  =  42   Ans. 

4  32  64 


8  4800       10088 

4  244       10088 


120         5044 

2 


122 
(r)   4        16         f  9  2'416  =  45.212—  Ans. 
^        32  64 

8 


4 


120 

5 

126 


4800        28416 
625        27125 


5425         1291000 
650         1220408 


5  60  7  500  612912)70  5  9  2.000  (.115 

130  2704         612912 

^  610204          930080 

^^^^  2708          612912 

2      


13^      612912  3171680 

2  3064560 

1354  107120 
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{d)  7  49  f  .373'248  =  .72     Ans. 

7  98  343 


14  14700      30248 

7  424      30248 

210  15124 
2 


212 


(133) 


1 
1 

1 
2 

300 
64 

364 

68 

-^2.000000000  =  1.259921+  Ana 
1 

2 
1 

1000 

728 

30 
2 

272000 
225125 

32 
2 

43200 
1825 

46875000 
42491979 

84 
2 

45025 
1850 

4755243 )4383021.000(  9217  or  .923- 
42797187 

360 
5 

4687500 
33831 

10330230 
9510486 

365 
5 

4721331 
33912 

8197440 
4755243 

370 
5 

4755243 

34421970 

3750 
9 

3759 
9 

3768 

This  example  shows  what  a  great  saving  of  figures  is 
effected  by  using  the  short  method.  The  figures  ob- 
tained by  the  division  are  9217,  thus  making  the  last  figures 
of  the  answer  922,  according  to  Art.  272.  This  is  not 
correct  in  this  case;  the  true  answer  to  eight  decimal 
places  being   1.25992104 +  ;   hence,  the  first   three   figures 
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found  by  division  should  be  used  in  this  case.  The  reason 
for  the  apparent  failure  of  the  method  in  this  case  to  give 
the  seventh  figure  of  the  root  correctly  is  because  the  fifth 
figure  (the  first  obtained  by  division)  is  9.  Whenever  the 
first  figure  obtained  by  division  is  8  or  9,  it  is  better  to  carry 
the  root  process  one  place  further,  before  applying  Art. 
272,  if  it  is  desired  to  obtain  absolutely  correct  results. 


(134) 

(a) 

1 

1 

1 

2 

2 

300 

1 

64 

30 

364 

2 

68 

32 

4320000 

2 

25249 

34 

4345249 

2 

fl'7  5  8.416'7  43  =  12.07     Ans. 
1 


758 

728 


30416743 
30416743 


3600 
7 

3607 


(d)  1  1  f  I'l  9  I'O  1  6  =  106     Ana 

12  1 


2  30000  191016 

1  1836  191016 


300  31836 

6 


306 


^32  8       i^S       2 

(d)  y =  -1=  =  -.     Ans. 

'512       V^2      8 


ARITHMETIC.  79 

(135)  1 


1 
1 

1 
2 

300 
136 

436 
152 

,^3.000000000  =  1.442250—  Ans. 

1 

2 
1 

80 

4 

84 

2000 
1744 

256000 
241984 

4 
38 

58800 
1696 

14016000 

12458888 

4 
420 

60496 
1712 

6238092)  155711  2.000  ( .2496  or  .280- 
12476184 

4 

424 

4 

6220800 
8644 

30949360 
24952368 

428 
4 

6229444 
8648 

59969920 
56142828 

4320 

6238092 

3827092 

4322 
2 


4324 

(136)  {a) 

1   i/l'2  3.21  = 

=  11.1  Ans. 

1    i 

1 

20 

1 
23 

1 
200 

1 

21 

7 

21 
1 

221 
221 

207 

7 

2  20 

1 

221 

2140 

2 

2142 

(^) 

(^) 

|/1'1  4.9  21  0=10.72  + 

An& 


1492 
1449 


4310 
4284 


26 


7      |/5  0'2  6'8 1  =  709  Ans.  2  -/.0  0'0  4'12'0  9  =  .0203 

7        49  2 00 Ans. 

rio         12681  400  04 

0         12681  3  4 


1400  403  1209 

9  1209 

1409 


80  ARITHMETIC. 


(137)     (a) 


1  1  -^.0  0  6'5  0  O'O  0  0  =  .18663  -     An& 

12  1 


2       300  5500 

1       304  4832 


30      604  668000 

8      368  602856 


3  8      9  7  200    103788  )  65144.00  (.627  or. 63- 
8       3276  622728 


46     100476  287120 

8       3312  207576 


640    103788  79544 

6 

646 
6 

652 

(^) 

2       4         -^^.0  21'0  0  0'0  0  0  =  .2759-  Ans. 
2       8  8 


4      1200  13000 

2       469  11683 


60     1669  1317000 

7      518  1113875 


67     218700   226875)203  12  5.0  (.89  or  .9- 
7       4075         1815000 


74     222775         216250 
7       4100 

sTo    226875 
5 

815 
5 

820 


ARITHMETIC.  81 

2  4  f^8'0  3  6'0  5  4'0  2  7  =  2,003  Ans. 

2  8  8 


4      12000000       036054027 
2         18009        36054027 


6000   12018009 
3 

6003 

(^) 

1       1  f'.0  0  0'0  0  4'0  9  6  =  .016  Ans. 

1       2  000 


2       300  004 

1       216  1 


30      516  3096 

6  3096 


36 

2       4         f'l  7.00 O'O 00  =  2.5713-  Ans. 
2       8  8 


4      1200         9000 
2       325         7625 


60     1525  1375000 

5      350         1349593 


6  5     187  500   198147)25  40  7.00(.128or.l3- 
5       5299         198147 


70     19  2  799  559230 

5       5348  396294 

7  50    198147  162936 

7 

7^7 
7 

764 


Sa  ARITHMETIC. 

(138)  {a)  In  this  example  the  index  is  4,  and  equals 
2x2.  The  root  indicated  is  the  fourth  root,  hence  the 
square  root  must  be  extracted  twice.  Thus,  /)/  =  ^  of 
the  if~  and  4^^6561  =  /76561  =  4/8!  =  9.     Ans. 

8        4/6  5'61  =  81        |/^=9  Ans. 
8  64 


160  161 

1  161 


161 


(d)  In  this  example  the  index  is  6,  and  6  equals  3  X  2  or 
2x3.  The  root  indicated  is  the  sixth  root;  hence,  extract 
both  the  square  and  cube  root,  it  making  no  particular  dif- 
ference as  to  which  root  is  extracted  first.     Thus, 

4/     =  4/     of  the  4/    ,  or  4/     of  the  4/    . 
Hence,       |/117,649  =  1^4/117,649  =  ^^343  =  7.     Ans. 

3  4/ll'7  6'4  9  =  343  1/343  =  7  Ans. 

—  ?_ 

60  276 

4  256 


64  2049 


1 

680 
3 


2049 


(c)     -^^.  000064  =  V4/.000064^=  .2.     Ans. 

i/.  000064  =.008.     K008  =  .2.    Hence,  j/ .  000064  =  .  2. 

Ans. 


ARITHMETIC.  83 


(^)     Y^  =  7     -  =  .375,  since  8)3.000 

.375 


8       •     8 


7  49  -^.3  7  o'O  0  O'O  0  0  =  .72112+  Ans. 

7  98  343 

14  14700  32000 

7  424  30248 


210    15124  1752000 

2      428  1557361 


212    1555200    1559523  )  1  94  6  3  9.0  0  (.124  or  .12 + 
2        2161  15595  2  3 


214    1557361  3868670 

2        2162  3119046 


2160   15595  2  3  749624 

1 


2161 
1 

2162 


Hence,  |^=  .72112  +.     Ans. 


(139) 


Hence 


y 


^^    ^  5476 

i/1225 
~  i/5476 

Ana 

3 
3 

60 
6 

65 

7 
7 

140 
4 

f/l  2'2  5  =  35 
9 

'lOo;;       35 

325 
325 

5476       74* 

/5  4'7  6  =  74 
49 

576 
576 

144 


84  ARITHMETIC. 


(^) 

(^) 

5 

|/.3  3'6  4  = 

.58      3 

5 

25 

An&  3 

100 

864 

60 

8 
108 

•  864 

1 

61 

1 

f/.lO'OO'OO'O  0=3.31623- 
9  Ans. 


620  632)  14  4.0  0 (.227 or .23- 

6  1264 

626  1760 

6  12  64 


632  496 


(d)     25.  o|  =  25.075. 


5  f/2  5.0  7'5  0'0  0'0  0'00  =  5.00749  + 

5     ■  2  5  Ans. 


10000  .       075000 

7  70049 


10007  495100 

7  400576 


100140  9452400 

4  9013401 

100144  438999 

_^ 4_ 

1001480 

9 

1001489 

{e)   .OOo|  =  .0004444444+. 


2  4/.0  0'0  4'4  4'4  4'4  4=  .02l08-f 

1_  00  Ans. 

40  04 

1  4 


41  44 

1  41 


4200  34444 

8  33664 

4208  780 


ARITHMETIC.  85 

(140)  (a)  V2=i^. 
1  i/2.0  0'00'0  0'0  0  =  1. 41421356  -|- 

1_       1 

20       100 
4        96 


24  400 

4  281 


280         11900 
1         11296 


281  60400 

1  56564 


2  8  20  28284  )  38  3  6.0000  (  .13562  or  .1356  + 

4  28284 

JS2l  100760 

4  84852 


28280  159080 

2  141420 


28282  176600 

2  169704 

28284  6896 


I  i/1.41'4  2'13'5  6  =1.1892+  Ans. 

L  1 

20  — n 

1  21 


21         2042 
1         1824 


220  21813 

8  21321 

2  2  8  4  9  2  5  6          It  is  required  in  this  prob- 

8  4  7  5  6  4       ^6™   to  extract  the  fourth 

2360  1692       root   of  2   to  four   decimal 

9  places;  hence,  we  must  ex- 

2  3  6  9  tract  the  square  root  twice, 

9  since  '^     =  \/     of  the  |/    . 

2  3  7  8  0  In  the  first  operation  we  carry  the  root  to  8 

2  decimal  places,  in  order  to  carry  the  root  in  the 

2  3  7  8  2  second  operation  to  4  decimal  places. 


86  ARITHMETIC. 

2  i/6.0  O'O  O'O  O'O  O'O  0  =  2.4494897428  + 

2  4 

40  200 

4  176 


44         2400 
4  1936 


480         46400 
4         44001 


484  239900 

4  195936 


4880  4396400 

9  3919104 


48  8  9      489896)47  729  6.0  00  0  0  (.974280  or  .97428  + 
9  4409064 


48980  3638960 

4  3429272 


48984  2096880 

4  1959584 


489880  1372960 

8  979792 


489888  3931680 

8  3919168 


489896  12512 

It  is  required  in  this  problem  to  find  the  sixth  root  of  6; 
hence  it  is  necessary  to  extract  both  the  square  and  cube 
roots  in  succession,  since  the  index,  6,  equals  2  X3  or 
3x2.  It  makes  no  particular  difference  as  to  which  root 
we  extract  first,  but  it  will  be  more  convenient  to  extract 
the  square  root  first.  The  result  has  been  carried  to  10 
decimal  places;  since  the  answer  requires  but  5  decimal 
places,  the  remaining  decimals  will  not  affect  the  cube  root 
in  the  fifth  decimal  place,  as  the  student  can  see  for  himself 
if  he  will  continue  the  operation. 


4020 
8 

4028 
8 

4036 


ARITHMETIC.  87 


1  1  -^2.4  4  9'4  8  9'7  4  2'8  0  0  =  1.34801  - 

12  1  Ans. 


2       300         1449 
1        99         1197 


30      399  252489 

3      108  209104 


33      50700         43385742 
3       1576         43352192 


3  6      522  76     5451312  )  3  3  5  50.000  ( .006  or  .01 - 
3       1592  3270787  2 


394    5419024 
4       32288 


398  5451312 

4 


390  5386800  842128 

4  3  2  2  2  4 


(141)     (a)    1 
1 

20 

7 

i^3.14'l  6=  1.7725-     Ans. 
1 

2  14 
1  89 

27 

7 

251  6 
2429 

340 

7 

354)8  7.00  (.245+  or   25  — 
70  8 

347 

7 

16  2  0 
14  16 

354  204 


88  ARITHMETIC. 

(^)  8  4/.7  8'5  4'0  0  =  .8862  +     Ans 

64 


160 

8 
168 

8 

1760 

6 

1766 

6 

1772 

(142) 

(^) 

1 

1 

1 

2 

2 

300 

1 

136 

30 

436 

4 

152 

34 

58800 

4 

2556 

38 

61356 

4 

2592 

420 

6394800 

6 

17536 

426 

6412336 

6 

17552 

432 

6429888 

6 

4380 

' 

4 

4384 

■ 

4 

1454 
1344 


11000 
1059  6 


1772  )  404.0  (.22  or  .2  ^ 
354  4 


496 


f^.l41'6  0  0'000=  1.4646- 
1  Ans. 


2  141 

1  744 


397600 
368136 


29464000 
25649344 


6429888  )  3  8  1  4  6  5  6.0  ( .59  or. 6- 
32149440 

6997120 


4388 


ARITHMETIC.  89 


(^) 


8  6  4  v' .  5  2  3'6  0  O'O  0  0  = .  80599  +  or  .8060- 

8         12  8  512  Ans. 


16    1920000      11600000 
8      12025       9660125 


2400  1932025  1944075)1  9  3  9  87  5.00  (  .99 
5    12050       17496675 


2405  1944075        190  2  075 
5 


2410 


(143)     11.7  :  13::  20  :  x.  The  product  of  the  means 

11.7-r=  13x20  equals    the    product    of    the 

W.I  X  =  260  extremes. 

_  260 
'*^~1L7)  2  60.000  (22.22-1-    Ans. 
234 


260 

234 

2  60 

' 

234 

260 

234 

2  6 

(144) 

{d)  20  +  7  :  10H-8::3: 

X. 

27  : 

18::3: 

X 

27^ 

=  18  X 

:  3 

27  Jr 

=  54 

X 

54 
~  27" 

:  2.     Ans. 

{d)  12'  :  100' ::  4  :  .r. 
144  :  10,000::  4  :  x 
UAx=  10,000X4 
144  x=  40,000 


90  ARITHMETIC. 


X- 

40,000 

144)40000.0(277.7+  Ana 

288 

1120 

1008 

1120 

1008 

1120 

1008 

112 

4        7 
(145)     {a)  -  =  — ,  is  equiva]ent  to  4  :  ;t: ::  7  :  21.     The 

product  of  the  means  equals  the  product  of  the  extremes. 
Hence, 

7;r=r4x  21 

7;r=r.  84 

.r  =  —  or  12.     Ans. 

{b)     In  like  manner, 

X        8 
52  =  f^  is  equivalent  to  ;?-  :  24 ::  8  :  IG 

16;r=  24  X  8 
16;r=  192 

;r  =  — --  =  12.     An9. 
lb 

2         X 
{c)     —  =  — -  is  equivalent  to  2  :  10  ::;ir  :  100. 

10,^  =  2  X  100 
10.ar  =  200 

X  =  ——  =  20.     Ans. 

,  ,,  15      60  .  .     ,        ^        .  ,  10         X    . 

^^  45  ^  ^  ^^  equivalent  to      {e)  j^q  =  ^qq  is  equivalent  to 

15  :  45 ::  60  '.  x.  10  :  150  ::  x  :  600. 

15jir  =  45X60  150;r  =  10X600 

15  x=:  2, 700  150;r  =  6,000 

2.700      ,^^  6,000       ,^      ^ 

;r  =  -^-^=18a  ;r  =  -f— -  =  40.    Ans. 
lo                .  150 

Ans. 


ARITHMETIC.  91 

(146)  X  :  5  ::  27  :  12.5.      (147)     45  :  60  ::  .r  :  24 
5  60-r=  45X24 

12.5)135.0(1(4  Ans.         ^^^=  ^'^^^ 

12  5  x=     „„     =  18.  Ans. 


100_4 
125~5 


60 


(148)   X  :  35  ::  4  :  7.  (149)     9  :  .r  ::  6  :  24. 

7jr=35X4  6.^=9x24 

7,r=140  6^=216 

;r  =  ^  =  20.  Ans.                ;r  =  ^  =  36.      Ans 

(150) 

f^l.OOO  :  Vh^  ::  27  :  ;r.                   -^1,000  =  10. 

10  :  11::27  ;;ir.  ^^1,331  =  11. 

10:r=297.  1                1                     1'331(11 

297       „^  „  1                2                    1 

jr  =  — -— =  29.7.       _  


10 


2  300  331 

^^^'     1  31  331 


30  331 

1 

31 

(151)  64  :  81  =  21' :  ;r'. 

Extracting  the  square  root  of  each  term  of  any  proportion 
does  not  change  its  value,  so  we  find  that  V^  :  ■/81  = 
1/2!*  :  V^'  is  the  same  as 

8  :  9  =  21  :  ;r 

Sx=  189 
.r=  23.625.     Ans. 

(152)  7  +  8  :  7  =  30  :  .t-  is  equivalent  to 

15  :  7  =  30  :  -r. 

15  4r  =  7  X  30 

16j:=210 

210       , .       A 
4r=— --=14.     Ans. 
15 

I/.  /;.     1  /.    •; 


92  ARITHMETIC. 

(153)  2  ft.  5  in.  =  29  in.  ;  2  ft.  7  in.  ■=  31  in.  Stating 
as  a  direct  proportion,  29  :  31  =  2,480  :  x.  Now,  it  is  easy 
to  see  that  x  will  be  greater  than  2,480.  But  ;f  should'  be 
less  than  2,480,  since,  when  a  man  lengthens  his  steps,  the 
number  of  steps  required  for  the  same  distance  is  less; 
hence,  the  proportion  is  an  inverse  one,  and 

29  :  31  =  -r  :  2,480, 
or,        31.^=71,920; 
whence,    x  =  71,920  -r-  31  =  2,320  steps.     Ans. 

(154)  This  is  evidently  a  direct  proportion.  1  hr 
36  min.  =  96  min. ;  15  hr.  =  900  min.     Hence, 

96  :  900  =  12:  X, 
or,  96;tr=  10,800; 

whence,      x  =  10,800  -r-  96  =  112.5  mi.     Ans. 

(155)  This  is  also  a  direct  proportion ;  hence, 

27.63  :  29.4  =  .76  :  x, 
or,  27.63;f  =  29.4  X  .76  =  22.344; 

whence,  x  =  22. 344  -^  27. 63  =  .  808  +  lb.     Ans. 

(156)  2  gal.  3  qt.  1  pt.  =  23  pt. ;  5  gal.  3  qt.  =  46  pt. 

Hence, 

23  :  46  =  5  :  .ir, 

or,        23;f=  46  X  5  =  230; 

whence,    x  =  230  -^  23  =  10  days.     Ans. 

(157)  Stating  as  a  direct  proportion,  and  squaring  the 
distances,  as  directed  by  the  statement  of  the  example, 
6'  :  12^  =  24  :  ;r.  Inverting  the  second  couplet,  since  this 
is  an  inverse  proportion, 

6'  :  12'  =  ;ir  :  24. 

Dividing  both  terms  of  the  first  couplet  (see  Art.  310) 
by  6 

1'  :  2'  =  -r  :  24;  or  1  :  4  =  .r  :  24; 
whence,  4  r  =  24,  or  ;ir  =  6  degrees.     Ans. 
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(158)     Taking  the  dimensions  as  the  causes, 


2 


15 
5 


=  n 


X,  whence,  2  -r  =  75,  or,  x  =  $37.50. 

Ans, 


(159)  2  hr.  =  120  min. ;  14  hr.  28  min.  =  8G8  min. 
Hence,    120  :  868  =  100  :  x, 

or,    120 -r  =  86,800; 
whence,   x  =  723^  gal.  Ans. 

(160)  Taking  the  dimensions  as  the  causes, 


2 


2P 

=  798 
17       57 


X,  whence.  2  ,r  =  17  X  57  =  969, 
or,     X  =  484^  bbl.      Ans 


(161)     8  hr.  40  min.  =  520  min.     Hence, 
444  :  1,060  =  520  :  x, 

130 
^^    ^  ^  1,060  X  m  ^  137,800  ^  ^241.44  +  min.  =  20  hr. 
^  ^^^  41.44+  min.  Ans. 


(162)     1  min.  =  60  sec.     Hence, 
5^  :  60  =  6,160  :  x, 
60  X  6,160 


or.  x  = 


6.5 


=  67,200  ft.     Ans. 


(163)  Writing  the  statement  as  a  direct  proportion, 
8  :  10  =  5  :  -r,  it  is  easy  to  see  that  x  will  be  greater  than  5; 
but,  it  should  be  smaller,  since  by  working  longer  hours, 
fewer  men  will  be  required  to  do  the  same  work.  Hence, 
the  proportion  is  inverse.  Inverting  the  second  couplet, 
8:10  =  ^:5, 

?2<i  =  ..e„. 


or. 


jr  = 


Ans. 


94 


ARITHMETIC. 


(164)     Taking  the  times  as  the  causes, 


%^ 


n 

2 


%f^ 


X 


3 


14 


;  whence,  3-r  =  2  X  14  =  28,  or  ;tr  =  9^  hr, 

Ans. 


(165)  Taking  the  horsepowers  as  the  effects,  we  have 
for  the  known  causes  in  example  4,  Art.  349,  14",  500,  and 
48,  and  for  the  known  effect  112  horsepower.     Hence, 

9 

;^ 
m 


14» 

30' 

600 

660  =  112 

48 

42 

X,  or  ^00 


22 

m 


=  m 


whence,  ;ir=9x22x3  =  594  horsepower.     Ans. 

(166)  First  find  the  volume  of  the  cylinder  in  cubic 
inches,  as  in  the  example,  Art.  345.  The  volume,  multi- 
pHed  by  the  weight  of  one  cubic  inch  (.  261  lb. ),  will  evidently 
be  the  weight  of  the  cylinder.     Hence, 


10" 
20 


12* 
60 


=  1,570.8 


100 


X,  or 


%^ 


144 
3    =  1,570.8 


x% 


144  X  3  X  1  570  8 
whence,  x  = ^^ ^=6,785.856  cu.  in.  Therefore, 

weight  of  cylinder  =  6,785.856  X  .261  =  1,771.11  lb.     Ans. 
(167)     Referring  to  the  example  in  Art.  348, 

5 
15   40  X^ 

100 
20'  18'  =  187  X,  or  ^00  324  =  187  x; 
10   12  ;0 


whence,  x  = 


324  X  4  X  187 
500 


324  =  187 
4 


=  484.7  lb.  Ans. 


ALGEBRA. 

(QUESTIONS  168-217.) 


(168)  -  'TrVS  =  ^1~/V"m-  Ans.   (Art.  482.) 

^  +  («  +  ^)       ^  +  (^  +  ^) 

(169)  (^)     Factoring  each  expression  (Art.  457),  we 
have  9x*  +  12^y  +  4/  =  (3.r'+  2/)  (3-r'+  2/)  =  (3;r*  +  2f)\ 

{b)     49^^  -  lo4«'<^'  +  nW  =  (la'  -  IW)  {7a'  -  IW)  = 
(7a'  -  lUy.     Ans. 

(r)     64;iry  +  64^^  +  16  =  16(2.rj  +  1)\     Ans. 

(170)  («)     Arrange    the    dividend    according    to   the 
decreasing  powers  of  x  and  divide.     Thus, 

3x-l)9x'  +  3,r'  +  ,r  -  1  (  3;r'  +  2;r  +  1     Ans. 
9x*  -  3^* 

6^- -2.  (Art.  444.) 

3;ir-l 
3^-1 
(*)        a^d)a'-2a6'-{-d'{a'-]-al?-d*    Ans. 

a'd  —  lab*  ,  .         ^  ^  ^  » 

a'b-    ab'  (^^^-  ^^•> 

-  ab'-\-b'' 

-  ab'  +  b' 

(r)     Arranging  the  terms  of  the  dividend  according  ic 
the  decreasing  powers  of  x,  we  have 

7x-3)7x*-2Ax'  +  5Sx-2l{x'-3x+7    Ans. 
7x*-    3.V* 

-  21.r'  +  58^ 

—  21x*+    9x 


49-r  -  21 
49.r  -  21 

I  ..I   11.....  I   . .;■  the  ri  •■  .-•■■..■I.-    --f.'  j)ai;e  itntu '■■'•'.'••'  '•  •■  ^  .  ..c  title  pajre. 
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(171)  See  Arts.  352  and  353. 

(172)  {a)  In  the  expression  4;r^j/  —  12xy^  -\-  Sxy^,  it  is 
evident  that  each  term  contains  the  common  factor  ixy. 
Dividing  the  expression  by  Axy,  we  obtain  x''  —  Sx^  -f  3/" 
for  a  quotient.  The  two  factors,  therefore,  are  4:Xf  and 
;r»  -  3;ir>  +  3/.     Hence,  by  Art.  452, 

Axy  -  l%xY  +  8;iy  =  Axy{x''  -  3;r>  +  2/).     Ans. 

(^)  The  expression  {x*  —y*)  when  factored,  equals  {x''  -f- 
/)(■*-''  -/)•  (Art.  463.)  But,  according  to  Art.  463,  x' 
—y^  may  be  further  resolved  into  the  factors  {x  -\- y^{x  —  y). 

Hence,  {x*  —  y*)  =  (x'  -i-y^){x  -\-y){x  —y).     Ans. 

(c)  8x'  —  27y\  See  Art.  466.  The  cube  root  of  the 
first  term  is  2x,  and  of  the  second  term  is  3y,  the  sign  of  the 
second  term  being  — ,  Hence,  the  first  factor  of  8x^  —  27/' 
is  2x  —  dy.  The  second  factor  we  find  to  be  4;r'  +  6.^J  +  9/*, 
by  division.  Hence,  the  factors  are  2x  —  Sy  and 
4;tr'  +  6xy  +  9y\ 

(173)  Arranging  the  terms  according  to  the  decreasing 
powers  of  m. 

Sm^    4-  lOm^n  +  lOmn''  +  Sn* 
dm*n  —  5w'w^    +  5;«V/'   —  mn* 

9m'n  +  SOjn'n''  +  30m^n'  +  dm'n* 

—  Ibm^n"  —  50m'7t'  —  50m' n*  —  15m'«* 

+  15/«'«'  +  50m'n'  +  50;«V^*  +  15m'n* 

—    dm*?t'  —  lOm^n"  —  10;;z'«'  —  3mn' 
9ni'n  +  15m'n'  —    5m''n^  +    6w*«*  +  25m^n^  -}-    ^Pi'n'  —  3w«' 

Ans. 

(174)  {2a'dcy  =  16a'^'c'\     Ans. 

(  -  3a'd'cy=  -  243«"(^'V\     Ans. 
(  —  7m^nxy*y  =  4:9M^n''xy.     Ans. 

(1 75)  (a)     4«'  -  d'  factored  =  {2a  +  6){2a  -  b).    Ans. 

{b)     l%x''  -  1  factored  :=:  (4;ir'  +  l)(4;f*  -  1).    (Art.  463.) 

Ans. 


M 
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(^r)     in.r'  —  Sxy  4-  xy*.   when  factored  = 

^4..-='  -  xy){4.x'  -  xy).     (Art.  457,  Rule.) 

But,   {4:x'- xf)=x{2x-}-j'){2x-j').     (Arts.  452   and 
463.) 

Hence,  lG.r'  -  Sxy  +  xy*=  x"  (2.r  +  j)  (2j-  +  j)  (2-r  -  j^) 
(2.r— j).      Ans. 

(1 76)       4^'  —  12^',r  +5tf*.t-'+6rt'.i-'+aV(2a'— 3^'.r— rt^ 
4^'  Ans. 


4rt'  —  3^'.r 


4^*— 6«'-r— ^^' 


—  VZa'x  +  5^  V 

-  12^*^-  +  9rt  V 


( 1 77)  {a)     Ga*d*  +  a'd'  -  7«'^*  +  2adc  +  3. 

(3)     3  +  2adc  +  rt'^'  -  7a'd'  +  6tf'^\ 

(<:)  1 -\- ax -\- a*  +  2  a\  Written  like  this,  the  a  in  the 
second  term  is  understood  as  having  1  for  an  exponent; 
hence,  if  we  represent  the  first  term  by  a",  in  value  it  will 
be  equal  to  1,  since  a'  =  1.  (Art.  439.)  Therefore,  1 
should  be  written  as  the  first  term  when  arranged  according 
to  the  increasing  powers  of  a. 

(178)  i^liia^W?  =  ±  2a'dc\     Ans.  (Art.  521.) 
V-32fl"=  -  2a*.     Ans. 

V-l,728^?V".ry  =  -  12aV*.ry.     Ans. 

t 

(179)  {a)  {a-2x+^y)-{3s+2d-c).  Ans.  (Art.  408.) 

(d)     —3d  —  ic-\-d—  (2/—  de)  becomes 
—  [3d  -{•  4c  —  d -\-  (2/—  '6i)]  when  placed    in  brackets  pre- 
ceded by  a  minus  sign.     Ans.     (Art.  408.) 

{c)  The  subtraction  of  one  expression  or  quantity  from 
another,  when,  none  of  the  terms  are  alike,  can  be  repre- 
sented only  by  combining  the  subtrahend  with  the  minuend 
by  means  of  the  sign  — . 
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In  this  case,   where  we  are  to  subtract 
lb  —  (3^  +  2^)  —a  from  x^  the  result  will  be  indicated  by 
4r-[2^-(3^  +  2^)-^.]     Ans.     (Art.  408.) 

( 1  SO)     {a)      2x'  +  2x''  +  2^-  -  2 
x,-l 


2x*  +  2x'  +  2x' 

-2x 

—  2x'  -  2x^ 

-2;tr+2 

2x* 

-  Ax  +  2 

x*  —  4:ax  -\-  c 

2x  -\-    a 

{b) 


2x'  —  8ax\-\-2cx 

ax^  —  Aa^x  -\-  ac 

2x'  —  lax''  +  2cx  —  4<2^^-  +  ac  Ans. 

(c)         -    a' -\- da'b  ~  2d* 
5a^  +  9ad 


—  Sa"  +  15a* d  -  lOa'd' 

-  %a'b  +  21a'b''  -  l^ab* 

—  5a'  +  Qa*b  -  lOa'b'  +  27a'b'  -  ISab' 
Arranging  the  terms  according  to  the  decreasing  powers 

of  a,  we  have  —  Sa"  +  6a* b  +  27 a' b'  —  10a' b'  —  lSab\     Ans. 

(181)   (a)  Axyz  The  sum   of  the   coefficients 

—  ^xyz  of  the  positive  terms  we  find  to 

—  5xyz  be  +  13,  since  (+  3)  +  (+  6)  + 
6xyz  (+  4)  =  (+  13).  ^ 

—  ^xyz  When  no  sign  is  given  before 
Zxyz  a  quantity  the  +  sign  must  al- 

—  Axvz  Ans       ways  be  understood.     The  sum 

of  the  coefficients  of  the  nega- 
tive terms  we  find  to  be  —  17  since  (—  9)  +  (—  5)  +  (—  3)  = 
(—  17).  Subtracting  the  lesser  sum  from  the  greater,  and 
prefixing  the  sign  of  the  greater  sum  (  — )  (Art.  390,  rule 
II),  we  have  (-j-  13)  +  (--  17)  =  —  4.  Since  the  terms  are 
all  alike,  we  have  only  to  annex  the  common  symbols  xyz  to 
—  4,  thereby  obtaining  —  Axyz  for  the  result  or  sum. 
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{b)     3^'  -f    '^ab  +    4<^'  When  adding  polynomi- 

5(3;«  _    ^ab  +      b^  als,  always  place  like  terms 

_    rt»  _|_    5^^  _      i^»  under  each   other.      (Art. 

18^'  -  2Qab  -  19^'  393.) 

\W  —    ?,ab  +  20<^'  The  coefficient  of  a"  in 

39^»_24^^+    5^-'     Ans.      ^^e  result  will  be  39,  since 

(+U)  +  (+18)  +  (-l)  + 
(_^  5)  _|_  (-(-  3)  =  .39.  When  the  coefficient  of  a  term  is  not 
written,  1  is  always  understood  to  be  its  coefficient.  (Art. 
359.)  The  coefficient  of  a-b  will  be  —  24,  since  (—  3)  + 
(_20)  +  (+  5)  +  (—  8)  +  (+  2)  =  —  24.  The  coefficient  of  ^' 
will  be  (  + 20)  + (- 19)  + ( -!)  +  (+!)  + (+4)  =  +5. 
Hence,  the  result  or  sum  is  39«''  —  24«/^  +  ob^. 
{c)  Amn  +  dab  —  4^ 

+  2mn  -  iab  +  3;r  +  3/«*  —  4/ 


6mn  —    ab  —  4:C  -\-  Sx  -}-  Sm"  —  4/     Ans. 

1 
3.1416 


(182)  Thereciprocalof  3.1416is--i— =  .3183+.    Ans. 


Reciprocalof  .7854  =  -— -J  =  1.273+.     Ans. 
Of-L-  =  -+  =  lx5H!  =  64.32.     Ans. 

(183)     (a)     — ^ h^— ^-     If  the  denominator  of  the 

^  ''     ^  ^     X  —  y     y  —  X 

second  fraction  were  written  x  —y,  instead  of  y  —  x,  then 

X  —  y  would  be  the  common  denominator. 

By  Art.  482,  the  signs  of  the  denominator  and  the  sign 

V  —  y                                     .   .            X  —  y 
before  the  fraction  ' —  may  be  changed,  giving -. 

We  now  have 

X         X  —  y      X  —  X  -\-  Y         y  . 

= —^  =  —^ — .     Ans. 

X  —  y     X  —  y         ■^'  —  y         -^  —  .y 

X*  X  V 

{,b\  — 5 A r '- — .      If  we  write  the  denominator 

^  ''    ,1-"  —  1   '   .r  -f  1       1  —  .1 

of  the  third  fraction  x  —  1  instead  oi  \  —  x^  x*  —  \  will  then 

be  the  common  denominator. 
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By  Art.  482,  the  signs  of  the  denominator  and  the  sign 

X 

before  the  fraction  may  be  changed,  thereby  giving  — -. 

We  now  have 

x^  X  X     _  ^*  +  x{x  —  1)  +  x{x  +  1)  __ 

x'^-l'^  x  +  l'^  x-1  ~  x'  -1 

£L±£lri£±£l±£  =  _|£L.    Ans. 

X    —  1  X    —  1 

..Sa  —  U      2a  —  d-{-  c  ,    Ida  —  4:C         ,  ,        .    ^ 

[c) — ' 1 -— ,    when    reduced   to 

a  common  denominator 

_  12(3^  -  U)  -  28{2a  -  /^  +  r)  +  7(13^  -  4<r) 
~  84 

Expanding  the  terms  and  removing  the  parentheses,  we 

have 

36a  -  48^  -  56^  +  28^  -  28^  +  91^  -  28^ 
84 
Combining  like  terms  in  the  numerator,  we  have  as  the 

result, 

71a  -  20b  -  mc 


84 


Ans. 


(184)  {a)  A5xy-Q0xy-360xy= 
4:6xy{xy-2x-8y).     Ans.     (Art.  452.) 

{b)  a^b""  +  2abcd-\-  c^d""  ^  {ab  +  cd)\     Ans.     (Art.  457.) 

{c)  {a-\-by-{c-dy={a-\-b-{-c-d)  {a-\-b-c-^  d). 
Ans.     (Art.  463.) 

(185)  {a)  If  a  man  builds  20  rods  of  stonewall,  and 
we  consider  this  work  as  positive,  or  +  ,  the  work  which  he 
does  in  tearing  it  down  maybe  considered  as  negative,  or  — . 
If  he  tore  down  10  rods,  we  could  say  that  he  built  —  10 
rods. 

{b)     See  Arts.  388  and  398. 

(186)  (.)^^£±^^_^=£(^^±4)x^^. 
^          '     ^  '     a  —  X  a  —  X         a  —  X  x 

(Art.  502.) 
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2a-{-  X 


Canceling  common  factors,  the  result  equals 

a  ^  x)a'  —  x''  {a"*  -{-  ax  -\- x'* 

a^  —  a^x 


a*-\-  ax  -{-  x'' 
Ans. 


a^x  —  X* 
a*x  —  ax* 


ax'  —  X' 
ax*  —  x' 


{b)     Inverting  the  divisor  and  factoring,  we  have 
Zn{%m*n  —  1)  (2;;^V/ +  1)  {'lm'n  —  1) 


{)lm'n  —  1)  (^Zm'n  —  1)  3« 

Canceling  common  factors,  we  have  2w'«  +  1-     Ans. 

(,)  9  +  -#1^  ^  (3  +  -^\     simplified  =  K^  - 

Sx-\-2f 

X  —  y  \ 

Qx* Av*         X y 

Inverting    the    divisor,    we    have    — j ~  X 


dx  +  2/ 

^x 2y 

Canceling  common  factors,  the  result  equals  .    Ans. 

(187)  According  to  Art.  456,  the  trinomials  1  —  2x* 
-\-  X*  and  4.1-'  +  4x  -\- 1  are  perfect  squares.  (See  Art. 
458.)  The  remaining  trinomials  are  not  perfect  squares, 
since  they  do  not  comply  with  the  foregoing  principles. 

24-  24 

(188)  {a)  By  Art.  481,  the  reciprocal  o^  7^  =  1  "^  ^ 

,       49      49       . 
=  ^X2-4  =  2-4-     ^^^- 

(b)  Since,  by  Art.  481,  a  number  may  be  found  from 
its  reciprocal  by  dividing  1  by  the  reciprocal,  the  number 

=  l-j-700=.0014|.     Ans. 
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(189)  Applying  the  method  of  Art.  474, 
x-i-y  l%xy{x'-y),  2x'{x'-\-2xy+y),  ^f{x-y)\  &{x^-\-xy) 
X—  y 

3xy 
2 

Whence,     L.    C.    M.  =:  {x  +  y)    {x  —  y)  3  x  y  X  2  X  2  X 
r{x  +  y)xy  {x  ~y)  =  X^x^^f  {x-^yY  {x  -y)\ 

(190)  (a)  2  +  4«  -  5«'  -  6a' 

7a' 


12xy  {x  - 

-y),  2x'{x-{-y), 

df{x-yy,  6x 

12xy 

2x\x  +  j), 

d/{x-y),   6x 

4, 

2x{x+y), 

A^-j'),  2 

Ua*  +  2Sa*  -  35a'  -  A2a*    Ans.     (Art.  423.) 
(6)  4;r»-4y  +  6^' 

12;tr>  -  12^>'  4-  ISx'ys^     Ans. 

(^r)  3<^  +  5^  -  2^ 
6a 


18ad  +  30«<:  —  12ad    Ans. 

(191)  (^)  See  Arts.  359  and  361. 
(d)  See  Arts.  419  and  440. 
(c)  See  Art.  416. 

(192)  {a)     On  removing  the  vinculum,  we  have 

2a  -  [3<^+  \4c  -  4a  -  {2a  +  2d)  \  +  {3a  -  d  -  c]  ]. 

(Art.  405.) 
Removing  the  parenthesis, 

2a  —  [3d  +  |4^  —  4a  —  2a  —  2b\  +  \3a  —  b  —  cW 
Removing  the  braces, 

2a  —  [3b -\- Ac  —  4:a  —  2a  —  2d -{- 3a  —  d  —  c]. 

(Art.  406.) 
Removing  the  brackets, 

2a  —  3d  —  4c  -^  4a  -^  2a  -{■  2d  —  3a -\-  d  +c. 
Combining  like  terms,  the  result  is  5a  —  3c.     Ans. 
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(b)     Removing  the  parenthesis,  we  have 

7a  —  [da  —  \2a  —  5a-\-  4:a\], 
Removing  the  brace, 

7a  -  [Sa  -  2a  +  5^  -  ia]. 
Removing  the  brackets, 

7a  —  3a  +  2a  —  5a-\-  4a. 
Combining  terms,  the  result  is  5a.     Ans, 
(f)     Removing  the  parentheses,  we  have 

a-  [2d+  {3c  -  da  -  a  -d]-^{2a  —  d  -  c\]. 
Removing  the  braces, 

a—  [2d  -\-3c  -3a  —  a  —  d  +  2a  —  d  —  c]. 
Removing  the  brackets, 

a  —  21? —3c -{- 3a -{- a -}- If  —  2a -{- d  +  c. 
Combining  like  terms,  the  result  is  3a  —  2c.     Ans. 

(193)  {a)     (^'  +  8)  =  (.r  +  2)  (.i'  -  2x  +  4).      Ans. 

{d)     x'  -  27y  =  (x  -  3j)  (.r=  +  3-ri'  +  Uf).   Ans. 
(c)     xm—  ntn  -\-  xy  —  uy  —  ui  (.r  — //)  -\- y  (.v  —  «), 

or  (,r  —  ii)  {ffi  +  J')-     Ans. 

(Arts.  466  and  468.) 

(194)  Arrange  the  terms  according  to  the  decreasing 
powers  of  x.     (Art.  523.) 

4x*  -h  Sax*  +  4«».r«  +  lU^x^  +  IQad^x  -+- 16^  C^.i  •  r  ~'<^-r  +  4^».  Ans. 
(2x^y=4x*. 


-Lr*  +  2ax 


8ax^  +  4a*x* 
Sax*  +  4a*  X* 


4x*  +  Aax  +  4b* 


, ^^    cia -\- b) -\- cd     ac-\-bc-\-cd      ^         ..  ,.  . 

(195)      ^  ,       'J^ —  =  — - — -4 — .     Cancehng  c,  which 

,  t  <^-\-  ^-}-  ^        ^     ,         '^  ^ 

IS  common  to  each  term,  we  have .    ,     =  1 H r~i-    Ans. 

a  -\-  o  a-\-o 


104  ALGEBRA. 

(196)  {a)  ^+^4-^- (,t--j)-(j+^)  _  (_j)be. 
comes  x-j-y-j-z  —  x-\-y— y  —  ^-l-fon  the  removal  of  the 
parentheses.     (Art.  406.)     Combining  like  terms, 

X  —  X  -{-^y-^-f  —  J/  -}-  y-\-  2—  s  =  'Zy.     Ans. 

(d)  {2x—y-\-4:s)-]-{  —  x—y  —  4:z)  —  {3x  —  2j/ —  s)  be. 
comes  2x  —  y  -}-  As  —  X  —  f  —  4..  —  Sx  -\-  2y  -\-  z,  on  the 
removal  of  the  parentheses.  (Arts.  405  and  406.)  Com- 
bining like  terms, 

2x  —  X  —  3x  —  y  —  y  -\-  2y  -{•  4lZ  —  Az  -{-  2  =  z  —  2x.    Ans, 
{c)     a  —  [2a-\-  {da  —  4:a)]  —  5a  —  {6a  —  [(7^+8^)  -da]\. 

In  this  expression  we  find  aggregation  marks  of  different 
shapes,  thus,  [,  (,and  \.  In  such  cases  look  for  the  corre- 
sponding part  (whatever  may  intervene),  and  all  that  is  in- 
cluded between  the  two  parts  of  each  aggregation  mark 
must  be  treated  as  directed  by  the  sign  before  it  (Arts.  405 
and  406),  no  attention  being  given  to  any  of  the  other  aggre- 
gation marks.  It  is  always  best  to  begin  with  the  infier- 
most  pair,  and  remove  each  pair  of  aggregation  marks  in 
order.     First  removing  the  parentheses,  we  have 

a  —  \2a  -{•  Sa  —  4a]  -  5a  —  \6a  -  [7a  +  8^  —9^] }. 

Removing  the  brackets,  we  have 

a  —  2a  —  da-{-  4:a  —  5a  —  {6a—  7a  -Sa-\-  9a\. 

Removing  the  brace,  we  have 

a  —  2a  —  da  -\-  Aa  —  5a  —  6a  -\-  7a  -{-  Sa  —  Qa. 

Combining  like  terms,  the  result  is— 5a.     Ans. 

(197)  (a)  A  square  x  square,  plus  2a  cube  d  fifth, 
minus  the  quantity  a  plus  d. 

{d)     The  cube  root  of  x,  plus  y  into  the  quantity  a  minus 

2 
n  square  to  the  -  power. 
o 

{c)  The  quantity  w  plus  ;/,  into  the  quantity  m  minus 
n  squared  into  the  quantity  w  minus  the  quotient  of  n 
divided  by  2. 
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(198) 

a» _  a«  _ 2a ^l)2a*  —  4a*  —  5<i*  +  Sa*  +  10a»  +  'Ia  +  2(2<i»  —  2a»  —  3a  —  3 
2a*  —  2a*  —  4a*  —  2a»  Ans. 

—  2a^—   a*  +  5a»  +  10a* 

-  2a*  +  2a*  +  4a»  +   2a» 


—  3a*+    a»  +  8a*  +  7a 

—  3a«  +  3a»  H-  6a*  +  3a 


—  2a»  +  2a*  +  4a  +  2 

—  2a*  +  2a«  4-  4a  +  2 

(199)  {a)  Factoring  according  to  Art.  452,  we  have 
.ry  [x*  —  64).  Factoring  {x*  —  64),  according  to  Art.  463, 
we  have 

(^  +  8)  {x*  -  8). 

Art.  466,  rule.     ;r*  +  8  =  (-r  +  2)  (.r*  -  2jr  +  4). 

Art.  466,  rule,     x*  -  8  =  (x  -  2)  (^r*  +  2^  +  4). 

Therefore,  x*/  -  64^y  =  x*f  {x  +  2)  (4r»-2.r+4)  (;r-2) 
(^+  2jr  +  4),  or  xY  {x  +  2)  (^  -  2)  (.i-»  +  2x  +  4) 
(x*  —  2j-  4-  4).     Ans. 

(^)  a»  _  ^»  _  ^»  _|-  1  _  2tf  -j-  2^<:.  Arrange  as  follows 
(Art.  408): 

(a»  -  2tf  +  1)  -  {d'  -  2^r  +  <^)  =  (^  -  !)•  ~  {d  -  cy. 
(Art.  455.) 

By  Art.  463,  we  have 

(^a-l  +  l,-c){a~l-[d-c]), 
or     {a  —  1  -{-  d  —  c)  {a  —  1  —  d  -^  c).     Ans. 

(c)  1  —  16a*  +  8ar  —  r*.  Placing  the  last  three  terms  in 
parentheses  (Art.  408),  1  —  (16^'  —  Sac  +  c'). 

16a'  -8ac+c'  ={ia-  c)*.     (Art.  455.) 

1  -  (16a'  -  Sac  +  c*)  =  1  -  (4a  -  c)\ 

1_(4^  _  cy=[l  +  (4a  -  c)]  [l-(4a  -  ^)].     (Art.  463.) 

Removing  parentheses,  and  writing  parentheses  in  place 
of  the  brackets, 

1  _  (4a  -  <:)•  =  (1  -f  4a  -  r)  (1  -  4a  4-  <:).     Ans. 

(200)  See  Art.  482. 
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(201)  The  subtraction  of  one  expression  from  another, 
if  none  of  the  terms  are  similar,  may  be  represented  only  by 
connecting  the  subtrahend  with  the  minuend  by  means  of 
the  sign  — .  Thus,  it  is  required  to  subtract  oa^b  —  la^U^  -f 
hab^  from  a^  —  b\  the  result  will  be  represented  by  a*  —  b*  — 
{5a^b  —  7a'^b^  +  5ab^),  which,  on  removing  the  parentheses 
(Art.  405),  hecomesa*-b' —  5a'b-\-'7a''b' —  5ab\  From 
this  result,  subtract  3a'  —  Aa'b  +  Ga^b''  +  5ab'  —  db\ 

a*  —    b*  —  ba^b  +  '^a^b'^  —  5ab^  minuend. 

—  3a*  +  ^b*  -\-  4:a^b  —  Ga^b''  —  5ab^  subtrahend,  with  signs 

-  2a*  +  W  —    a^b  +  a'b''  -  lOa^'    changed.  (Art.  401 .) 
Or,  —  2a*  —  a^b  +  a^b""  —  10^^'  +  1b\      Answer   arranged 

according  to  the  decreasing  powers  of  a. 

(202)  {a)  3«  -  23  +  3c  3a  -  2b  +  3c 

2a  —  Sb  —    c     becomes      —  2a  -\-  Sb  +    c 

a  +  6b  +  ^c 
when  the  signs  of  the  subtrahend  are  changed.  Now,  add- 
ing each  term  (with  its  sign  changed)  in  the  subtrahend  to 
its  corresponding  term  in  the  minuend,  we  have  (—  2a)  + 
{3a)  =  a;  {  + Sb)  +  {  -  2b)  =  +  6b;  {+ e)  +  {3c)  =  +  4c. 
Hence,  a  -\-  %b  -\-  4c  equals  the  difference.  Ans. 
{b)     2x'  -  3xy  +  2xy' 

x^  +  j'  —  ^y''  becomes 

2x'  -  3xy  +  2xy^ 

—  x^  —  y^  -{•  xy* 


x'  -  3xy  +  2xy'  -f  +  xy"" 
when  the  signs  of  the  subtrahend  are  changed.  Adding 
each  term  in  the  subtrahend  (with  its  sign  changed)  to  its 
corresponding  term  in  the  minuend,  we  have  x^  —  3x''y  + 
2xy^  —  j"  +  ^j",  which,  arranged  according  to  the  decreasing 
powers  of  x,  equals  x^  —  3x'y  -f-  xy'  -\-  2xy^  — /'.  Ans. 
(c)  Ua  +  4b-%c-3d 

11a  -  2b -\- 4:C  -  Ad 

On  changing  the  sign  of  each  term  in  the  subtrahend,  the 
problem  becomes 
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14«  +  4^  -    Qc-  3d 
—  11a -{-2d-    4r  +  4dr 

Sa  +  6d  —  10c  -I-    d 
Adding   each   term  of   the    subtrahend    (with    the  sign 
changed)  to  its  corresponding  term  in  the  minuend,  the  dif- 
ference, or  result,  is  da  +  6^  —  10^  +  ^-     Ans. 

(203)     The  numerical  values  of  the  following,  when  a 

=  16,  ^  =  10,  and  x  =  5,  are: 

(a)  {ad\v  +  2adx)  ia  =  (IG  X  10*  X  5  +  2  X  16  X  10  X  5) 
X  4  X  16.  It  must  be  remembered  that  when  no  sign  is 
expressed  between  symbols  or  quantities,  the  sign  of  multi' 
plication  is  understood. 

(16  X  100  X  5  +  2  X  16  X  10  X  5)  X  64  =  (8,000  +  1,600) 
X  64  =  9,600  X  64  =  614,400.     Ans. 

(^)     2V4^--^  +  ^^-  =  2/64      ^X10X5- 


a  —  b  '      X  ^  16  —  10      ' 

10-5       , ,        100    ,   ,       96-100  +  6       2       1 
-^  =  16-— +1  =  . 6-^^  =  6=3-     ^"^• 

{c)  {b  -  s^)  {x'  -  b')  {a*  -  b')  =  (10  -  /16)  (5*  -  10') 
(16'  -  10')  =  (10  -  4)  (125  -  100)  (256  -  100)  =  6  X  25  X 
156  =  23,400.     Ans. 

(204)  {a)  Dividing  both  numerator  and  denominator 
by  15  m  xy\  -— -^  =  ■- .     Ans. 

(h\         ^'-1  (^+l)(.r-l)      ,        ^,  ,       . 

(^)     -A — 7 — r^TT  =      /    /    .   ,.       when  the  numerator  is 
^'     4-ir(jr+l)  4^(^-1-1) 

factored. 

Canceling  (^+1)  from  both  the  numerator  and  denom- 

r  —  1 
inator  (Art.  484),  the  result  is  '—r — .     Ans. 

ic)     \-z ' ;    ■  I  ,Js  when  factored  becomes 

^  '     {a*  —  b*)  (a*  —  ab-\-  b*) 

{a-\-b)(a*-ab+b^){a*  +  ab+b^) 

{a-b){a*-^ab-\-  b*)  {a*-ab  +  b'Y  ^^"-  ^^^'' 

M.  i:     \  I.    a 
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Canceling  the  factors  common  to  both  the  numerator  and 
denominator,  we  have 

(^aj^b){a'-ab  +  b')  [g^  J^  a  b  +  b')  ^  a  +  b 
{a-b){a'  +  ab-{-  b')  {a'  -  a  b -}- b')      a-  b' 
;i^i,)a'  +  b'  {a^-ab  +  b'      a-b)a'-b'  {a'  +  ab  +  b' 
a'  +  a^'b 


-  a'b  +  b' 

—  a^b-a  b' 


ab'  +  b' 
ab'  +  b' 


(205)     {a) 


a' 

-d'b 

X  - 

a'b- 
a'b- 

■b' 
■ab' 

■1  +  x 

ab'- 
ab'- 

-b' 
-b' 

1  + 

% 

1- 

x-" 

X 

1  —  X  1  -\-  X  _ 

1  1        ~  l-{-X-{'l—X~    l  —  x^ 

1  —  ;r  +  l-\-x  1  —  x' 

^^     X  ^~^'  =  X.     Ans.  (See  Art.  609.) 


1-x'       1-x'  2 

b''^  a  ab'  ab' 


a       a-b~  db-  b\a-b)       d'b-ab'-^b^ 


b"        ab  ab'  ab' 

a*j^b'  .    db  -  ab''  -^  b'  _  ^^  +  ^'  ab'  _a  +  b 

ab'      ■  ab'  ~     ab'     ^  b{a'  -ab+b')~      b    ' 

Ans. 

(0  1  _■  1  ^  Ans 

1  -^      '3-X-3X+3-     ^''^• 

"^      1    .  ^+1       ^ "^      4  (Art.  509.) 

^  3-  X 

(206)  2-;tr  ~  2  +  X+  ^^_4  •  If  the  denommator 
of  the  third  fraction  were  written  4  —  4:',  instead  of  x'  —  4, 
the- common  denominator  would  then  be  4  —  x'. 

1 6  r  —  x"                       16x  —  x'            IQx  —  X* 
By  Art.  482,- — , — r-  becomes j— — r  = -. -5-- 

•'  ',1—4  —  X    -\-  4:  4:  —  X 

Z4-2X      2  —  3jr      iGx  ~x'       ,  .        ,    ^ 

Hence,  -^ ^7— ^-,  when   reduced   to  a 

'2  —  :r        2  +  ;tr  4-jr 

common  denominator,  becomes 
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(3  4-  2,r)(2  -\-x)-  (-2  -  3.r)(2  -  x)  -  {Wx  -  x')  _ 
(6  -f  7^  -f  2x')  -  (4  -  8^  4-  B-r')  -  (IG.r  -  .r') 

Removing  the  parentheses  (Art.  405),  we  have 
G  4-7,r  4-  2;r'  -  4  +  Sx  -  dx'  -  \(Sx  -f  x^ 
■i-x" 
Combining  like  terms  in  the  numerator,  we  have 

2-  X 
4  -  x'' 
Factoring  the  denominator  by  Art.  463,  we  have 

2-x 
{2  +  x){2-xy 

Canceling  the  common  factor  (2  —  x),  the  result  equals 

_^,„,_i_.     A„s.  (Art.  373.) 

(207)     {a) 

5x  5x  5x 

(Art.  504.) 

dx'  4-  2x+  1  ^  3  ^  _  .^Q  _^  _il        ^^g      (Art.  505.) 

JT  4-  4  )  3-r*  4-    3^  4- 1  (  3.r  -  10  4-     "^^ 


-r4-4 
3.r'  -h  12x  ^ 

-  10-r  4-    1 

-  10.r  -  40 


41 
{c)  Reducing,  the  problem  becomes 

4^4-44r-5  x-t 

X 


-r*  ^  x'  -^x-\-r 

Factoring,  we  have 

(.1+5)  (^-1)^  x-t 


(^  -  1)  (■»■  -  T)" 


i'4-  5 
Canceling  common  factors,  the  result  equals  — ^j— .     Ans. 
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(208)  (a)  Writing  the  work  as  follows,  and  canceling 
common  factors  in  both  numerator  and  denominator  (Arts, 
496  and  497),  we  have 

Spy  ^  2^  ^    90nm  ~ 
9  X  5  X  24  X  7;/';^'/V^y  _  Sw^jt)/ 


8  X  2  X  90  X  7/z  X  «  X  /'  X  ^   X  ^'  X  J         4/^' 
(d)     Factoring  the  numerators  and  denominators  of  the 
fraction  (Art.  498),  and  writing  the  factors  of  the  numer- 
ators over  the  factors  of  the  denominators,  we  have 
(a  —  x)  {a''  -\-  ax  -\-  x'')  {a  -\-  x)  {a  -{-  x)  _ 
{a  -j-  x)  {a^  —  ax  -\-  x^)  {a  —  x)  {a  —  x)  ~ 
(a  +  x)  {a'  -\-ax-\-  x')      ^^^ 
{a  —  x)  {a'  —  ax  -\-  x^)' 
(c)  This  problem  may  be  written  as  follows,  according  to 

Art.  480 : 

Sax  +4  a^ 

T^ X 


a{3ax  +  4)  {3ax  -f  4)' 
Canceling  a  and  {3ax  +  4),  we  have — — .     Ans. 

(209)     {a)  -  liny  )  ?>hm^y  +  28;;?y  -  14^/ 
—  bin'  —  ^my  -\-  2y' 

Ans.     (Art.  442.) 
(d)  a* )  Aa*  -  Sa'd  -  a'd' 

^-3ab  -  d'h"     Ans. 
(c)  Ax'  )  4:x'  -  Sx'  -^Ux'  -  Wx' 


X  -  2x'  4-  3x'  -  4:x'    Ans. 

(21 0)     (a)  IQa'd' ;  a'  +  4:ad ;  Aa'  -  16a'd  +  5a*  +  '^ax. 

{b)  Since  the  terms  are  not  alike,  we  can  only  indicate 
the  sum,  connecting  the  terms  by  their  proper  signs. 
(Art.  389.) 

{c)  Multiplication :  A^ac'd  means  4  X  ^  X  ^°  X  <a^.  (Art. 
358.) 

/oii^  a'  +  c'  +  ac  d^c'-b'-^ac 

y^*-^)     a"  +  b-"  -  c'  - 'iab  ^  a'c  -  ac' 

Arranging  the  terms,  we  have 
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a>  4-  ar  4-  ^  a^  -  2ac -^  c'  -  d* 


which,  being  placed  in  parentheses,  become 


By  Art.  456,  we  know  that  a"  —  lab  +  ^*,  also  a"  —  2ac 
+  r*,  are  perfect  squares,  and  may  be  written  {a  —  by  and 
{a-c)\ 

Factoring  a*c  —  ac*  by  Case  I,  Art.  452,  we  have 
a'  +  ac-{-  c'      {a  -  c)'  -  b*  _ 
{a-by-c^^   ac{a'-c')   ~ 
«'  -j-ac  -j-y  {a  —  c  —  b){a  —  c+b) 

_  __  ^ 


(a  —  b—  c)  {a  —  b  -{-  c)      ac  {a  —  c)  {a*  -^  ac  -{■  c*)' 

(Arts.  463  and  466.) 

Canceling  common  factors  and  multiplying,  we  have 

a  —  c  4-  b  a  -\-  b  —  c 

or  — -, i— — r—, -.     Ans. 


{a  —  b  -{-c)  ac{a  —  r)'       ac{a  —  b-{-c)  {a  —  r)' 

(212)  The  square  root  of  the  fraction  a  plus  b  plus  c 
divided  by  «,  plus  the  square  root  of  a,  plus  the  fraction  b 
plus  c  divided  by  //,  plus  the  square  root  of  a  plus  b,  plus 
the  fraction  c  divided  by  n,  plus  the  quantity  a  plus  b,  into 
c,  plus  a  plus  be. 

(213)  {a)—^ 5F-  +  12P- 

We  will  first  reduce  the  fractions  to  a  common  denomina- 
tor. The  L.  C.  M.  of  the  denominator  is  60x*,  since  this  is 
the  smallest  quantity  that  each  denominator  will  divide 
without  a  remainder.  Dividing  GOa'  by  3,  the  first  denom- 
inator, the  quotient  is  20j^;  dividing  GO^'  by  5.r,  the  second 
denominator,  the  quotient  is  12-r;  dividing  GO-r*  by  12-r*,  the 
third  denominator,  the  quotient  is  5.  Multiplying  the  cor- 
responding numerators  by  these  respective  quotients,  we 
obtain  20-r*(4.r  -f  5)  for  the  first  new  numerator ;  12^(3^  —  7) 
for  the  second  new  numerator,  and  5  X  9  =  45  for  the  third 
new  numerator.  Placing  these  new  numerators  over  the 
common  denominator  and  expanding  the  terras,  wc  have 
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20;r''(4;»r+5)-12;r(3;tr-7)+45_80.r^+100.r'-36;r'+84;f-|-45 
GOx'  ~  GO^' 

Collecting  like  terms,  the  result  is 

80;ir'  +  Ux^  +  84;r  +  45        . 

(b)     In  ■—-. — ; — r  +  -r—, r,  the  L.  C.  M.  of  the  denomi- 

^  '  %a{a-[-x)       2a{a  —  xy 

nators  is  2a{a''  —  x^),  since  this  is  the  smallest  quantity  that 
each  denominator  will  divide  without  a  remainder.  Dividing 
2a{a^  —  x^)  by  2a{a  +  x),  the  first  denominator,  we  will 
have  a  —  x;  dividing  2a{a^  —  x'^)  by  2a{a  —  x),  the  second 
denominator,  we  have  a  -\-  x.  Multiplying  the  correspond- 
ing numerators  by  these  respective  quotients,  we  have 
{a  —  x)  for  the  first  new  numerator,  and  {a  +  x)  for  the 
second  new  numerator.     Arranging  the  work  as  follows: 

1  X  {a  —  x)  =  a  —  X  =  1st  numerator. 

1  X  {a  -{-  x)  =  a  -\-  X  =  2d  numerator. 

or   2a         =  the  sum  of  the  numerators. 
Placing  the  2a  over  the  common  denominator  2a{a^  —  x^), 
we  find  the  value  of  the  fraction  to  be 
2a  1 


2a{a''-x')      a'  -  x' 


Ans. 


(c)     £+^^+      ^        ^£._Z__4,^ 

/    ^-{-y    x'' -\- xy     y    ^-\-y    ^-\-y 

The   common   denominator  =y  {x-\-y).     Reducing   the 
fractions  to  a  common  denominator,  we  have 

^{x+y)+y^+^y  ^  x*  -^2xy-\-y'  ^  x^y      ^^^ 

y{^+y)  y{^+y)         y 

(214)     {a)     Apply  the  method  of  Art.  474 : 


ax 

V^ax\  72ay\ 

12xy 

2y 

3x,      12y\ 

2y 

3 

dx,       6y, 

1 

X,       2y,        1 
Whence,  6ax  x2yxSxxx2y  =  72ax*y.     Ans. 
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4(1  + 

^). 

4(1- 

■'^), 

2(1- 

-^') 

2, 

2(1- 

-A 

1  - 

-  X 

{a- 

-b)  {b- 

-0, 

{b- 

-c)  {c- 

-^\ 

{c- 

-a)  {a- 

-b) 

{b- 

-0, 

{b- 

-c)  {c- 

-^), 

{c- 

-a) 

1, 

c- 

-a, 

c- 

-a 

(b)  2(1  +  ^) 
2(1  -  x) 

1,  1,  1 

Hence,  L.  C.  M.  =  2(1  +  x)  X  2(1  -  x)  =  4(1  -  x').     Ans. 

(c)  a  —  b 
b-c 
c—a  1,  c—a,     c 

1,  1,  1 

Hence,  L.  C.  M.  =  (^  -  ^)  (/;  -  c)  {c  -  a).     Ans. 

(21 5)  3,r'  -  3  +«  -ax'  =  (3  -  a)x'  -  3  +  «  = 

(3  —  a)  {x'  —  1).  Regarding  ,r'  —  1  as  (.r')'  —  1,  we  have,  by 
Art.  462,  x'-l=^  {xy  -  1  =  (,r'  -  1)  {x'  +  1).  x'  -  1  = 
{x  -  1)  (x'-^x+l);  ;r'  +  1  =  (^  +  1)  {x'  -  x+  1).  Art. 
466. 

Hence,  the  factors  are 

(^»  +  ;r  +  1)  (^^  -  ;ir  +  1)  {x  +  1)  (;r  -  1)  (3  -  a).     Ans. 

(216)  Arranging  the  terms  according  to  the  decreasing 
powers  of  x,  and  extracting  the  square  root,  we  have 

X*  4-  xy  +  4^,ry  4-  2xy  +  4/  {x'  +  ^xjy  +  2^.    Ans. 


2x*  +  i^/ 


;i->+4i^y 
;tr'j  +    -^xy 


Y 


2^'  +  xy-\-  2y 


4jry  +  2xj''  +  4y 
4xy^  +  2.1-j''  +  4j* 


(217)     The  arithmetic  ratio  of  .r'  —  Itcr  +  Hsjr*  — 1  — 
{x+1)  =  x* -x-2.     Art.  381. 

X*  —  1 
The  geometric  ratio  of  .t*  —  1  to  .r  +  1  is  — r-r-  =  x*  -^  x' 


+  X  -  1  =  (^'  +  1)  (-r  -  1).     Ans. 


x+1 
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(QUESTIONS  218-257.) 


(218)     {a)     According  to  Art.  528,  ^  expressed  radi- 
cally is  i^; 

S-r^j"*  expressed  radically  is  3  '/xy-* ; 

3-r*j'  y  =  Sf^-rj^V,  since  ^  =  -^     Ans. 


^    .  1  .        1 


» -« 


rtV 


«  ^  c*  (a  +  ^)  ^  w  -  «         /^*  ' 
(r)     f^  =  ;r'.  Ans.     f^  =  -r*.  Ans. 
(t^^^)'  =  {b^x^y  =  i>"xK  Ans. 


Ans. 


(219)  3V^  =  /l89.  Ans.  (Art.  542.) 
a'b'/¥c  = '^/l^Fc .  Ans.        2-rf^  =  v^32p.  Ans. 

(220)  Let  ^  =  the  length  of  the  post. 

Then,  '—  =  the  amount  in  the  earth, 
o 

3-r 

-^  =  the  amount  in  the  water. 

f+^  +  13  =  ^. 

7-r-|-15jr-|-455  =  35x. 

-\Zx-  -  455. 

j:  =  35  feet.     Ans. 

In  order  to  transform  this  formula  so  that  /,  may  stand 
alone  in  the  first  member,  we  must  first  clear  of  fractions. 
Clearing  of  fractions,  we  have 

For  notice  of  the  copyright,  se«  jMine  imin.  ..owiinf  the  title  pajje. 
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Transposing,  we  have 

—  IV  s  t  =\V  s  t  —t  W  s  —t  W  s . 

'     1     i     1  111  '     1      1  "^    "  a  *"«• 

Factoring  (Arts.  452  and  408),  we  have 

whence,       t,  =  ^^ — 5_i_J ^^J l_i_i,     Ans. 

(222)     Let  X  =  number  of  miles  he  traveled  per  hour. 

48        .        . 
Then,  —  =  time  it  took  him. 

X 

48  . 

=  time  it  would  take  him  if  he  traveled  4 


X+4: 

miles  more  per  hour. 
In  the  latter  case  the  time  would  have  been  6  hours  /ess  ; 
whence,  the  equation 

48     ^  48  _ 


x-\-^       X 
Clearing  of  fractions, 

48;ir  =  48;ir  +  192  -  G;r»  -  24;r. 
Combining  like  terms  and  transposing, 

6;tr'  +  24;tr  =  192. 
Dividing  by  6,  x^  -\- ^x  =  32. 

Completing  the  square,  x'  ■}-  4x -\~  4,  =  36. 
Extracting  square  root,  ;tr  +  2  =  ±  6 ; 

whence,  ;r=— 2  +  6  =  4,    or   the 

number  of  miles  he  traveled  per  hour.     Ans. 


/(2+^.)  3/+-^. 


(223)     W      S  =  '^     (       IT\  =^         flT 


Cubing  both  members  to  remove  the  radical, 

CPD* 


S'  = 


2/+^^ 


CPD*d' 
Simplifymg  the  result,  5'  =  ^.^,        .^. 
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Clearing  of  fractions, 

2  5yi/*  +  S'fEP  =  CPB'd'. 

Transposing,  CPITti*  =  2S'/d' +  SyB'; 

whence  p_^  S'/d' +  S^/B' ^{'Zd* -^  B')/S' 

wnence,         /--  Clfd*  C  Bd*         ' 

(^)     Substituting  the  values  of  the  letters  in  the  given 
formula,  we  have 

(2  X  18'  +  30')  X  864  X  6*  _  (648  +  900)  X  864  X  216  ^ 
~  10  X  30'  X  18'  9,000  X  324 

288,893,952       .^  .  ,  . 

2,916,000    =  99- 1>  nearly.     Ans. 

(224)  {a)  3 jr -j- 6  —  2-r  =  7-r.      Transposing   6   to   the 
second  member,  and  7-r  to  the  first  member  (Art.  561), 

3jr  —  2-r  —  7x  =  —  6. 
Combining  like  terms,       —  6.r  =  —  6 ; 

whence,        jr=  1.     Ans. 
{b)  5j:  _  (34r  _  7)  =  4r  _  (6^  _  35). 

Removing  the  parentheses  (Art.  405), 

5,r  —  3j:  +  7  =  4jr  —  6.r  +  35. 
Transposing  7  to  the  second  member,  and  \x  and  —  ^x  to 
the  first  member,  5jr—  3-r  —  4-r  +  6^  =  35  —  7.   (Art.  561.) 
Combining  like  terms,  4-r  =  28 ; 

whence,         jr  =  28  -r-  4  =  7,     Ans. 
{c)  {x  +  5)'  -  (4  -  xy  =  21.r. 

Performing  the  operations  indicated,  the  equation  becomes 

jr*  +  lOjr  +  25  -  16  +  8-r  -  j^  =  21x. 
Transposing,  x*  —  x* -\-  lOx  +  gjr  —  21jr  =16  —  25. 
Combining  like  terms,  —  3-r  =  —  9. 

Dividing  by  —  3,  jr  =  3.     Ans. 

(225)  (a)  Simplifying  by  Art.  538, 

^TiT  =  VT  X  Vs=  sVs. 

2/^8"  =  2i/i6  X  1^3  =    8|/S. 

3/108  =  34/36  X  v^  =  184/3! 

Sum  =  29f^.     Ans.     (Art.  544.) 
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^^^86"=  4^343"  XV'2=    7f^2. 

irW=^~8~XV^^    2^2. 

Sum  =  I3v^.     Ans.     (Art.  544.) 

(0  VI  =  VTX  1=1/1  =  14/6.    (Art.  540.) 


8       2        '16 


♦4=^ 


1       6  _  ^_6_  _  1  ^ 
6  ^  6  ~ '^  36  ■"  6  '^ 


4/^  -  4/1       ^  -  4/Z  -  1  /J 
^27~^27^3~'^  81  ~  9'^^' 

Sum=(^+l  +  l)/6  =  l|4/6.     Ans. 

(226)  Let  X  =  the  capacity. 
Then,  x  —  42  =  amount  held  at  first ; 

ll{x-42)  =  x; 
')lx-2%4  =  x; 
6;r=294; 
x=  4:9  gallons.  Ans. 

(227)  (a)  2 1/3J+I  -  ;ir  =  4. 

Transposing,  Art.  579,  so  that  the  radical  stands  alone 
in  the  first  member,        2  \^3x  +  4  =  x  -{- 4. 

Squaring  both  members,  since  the  index  of  the  radical 
is  understood  to  be  2,      4(3;r  +  4)  =  (;r  +  4)^ 

or     12;ir+16  =  ;i''  +  8;ir+16. 
Transposing  and  uniting  terms, 

-x"  -8x-\-  12x  =  16  -  16. 
-^x^-\-4x  —  0. 
Dividing  by  —  jtr,  x  —  4  =  0; 

whence,     x  =^  4.     Ans. 


{b)  |/3;r-2  =  2{x  -  4). 

Squaring,  Sx  —  2  =  4{x  —  4)% 

or    3;ir  —  2  =  4x^  —  Z2x  +  64. 
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Transposing,  —  ix' -^  S2x  +  3x  =  64  +  2. 
Combining  terms,    —  4r*  +  35-r  =  66. 

Dividing  bv  —  4,  -r* -—  = j-. 

"  4  4 

Completing  the  square, 

35x    .    /S5V  66  .  1,225 


x'- 


/35y_  _66      1^ 
4      '\8/  4"^    64' 

35-r    ,   /35V  1>056   ,    1,225      169 


(f)  = 


64      '      64  64 

Extracting  the  square  root, 

35       .   13 

m  •  35      13      ^         „3        . 

Transposmg,  jr  =  —  ±  — -  =  6,  or  2^-.     Ans. 

o         o  4 

{c)     yj+l6  =  2  +  iG  becomes  ;r  +  16  =  4  +  4f/I  +  -r, 
when  squared.     Canceling  x  (Art.  562),  and  transposing, 

_  44/x  =4-16. 
—  4V^  =  -  12. 
1^=3; 
whence,       x  =  3*  =  d.     Ans. 

(228)    (^)         ^^u^ir5=:1^5?±M£. 

Clearing  of  fractions, 

x^3x  -  5  =  4/7 J^  +  36jr. 
Removing  radicals  by  squaring, 

x'iSx  -  5)  =  7.r'  -h  36x. 
Sx*  -5x'  =  7x'  +  364:. 
Dividing  by  jr,        Sx'  —  5x  =  7x  +  36. 
Transposing  and  uniting, 

Sx*  -  l%x  =  36. 
Dividing  by  3,  jr*  —  4.r  =  12. 
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Completing  the  square, 

;tr*  —  4;tr  +  4  =  16. 
Extracting  the  square  root, 

x-2=  ±4; 
whence,         ;tr  =  6,  or  —  2.     Ans. 

(If)  x"*  —  {b  —  a)c  =  ax  —  dx  -\-  ex. 

Transposing,     x"^  —  ax  -\-  bx  —  ex  ^^  ('^  —  ^)^- 
Factoring,  x^—  {a  —  b  -\-  e)x  =  be  —  ae. 

Regarding  {a  —  b  -{•  e')  as  the  coefficient  of  x,  and  com- 
pleting the  square, 

;,._(,_,  +  ,),+   (i^l  +  i)*   =  fc  -  «.  +   (i^^)'. 

a^  —  %ab  H-  z^'  —  'lae  +  2<^^  +  c". 
4 
^— /^4-r  a  —  b  —  c 

" 2^=   ±—2— 

2«  —  3*       2<; 
^  =  --2— '""^T 
X  =  a  —  b,  or  ^.     Ans. 
(c)     (;r  —  2)  (;tr  —  4)  —  2  (;ir  —  1)  (;r  -  3)  =:  0,  becomes 

;ir'  -  6;f  +  8  -  2;tr*  +  8^  -  6  =  0,  when  expanded. 
Transposing  and  uniting  terms, 

-  ;ir'  +  2;ir  =  -  2. 
Changing  signs,  x^  — 'Hx  =  2. 

Completing  the  square,         x'  —  2x  -}- 1  =  S. 
Extracting  the  square  root,  x  —  1  =  ±  4/37 

whence,        x  =  1  ±  -f/sT    Ans. 

(229)     (a)  ^/^Zra^^C^  +  ^K^-^). 

Expanding  and  clearing  of  fractions, 

i/x'  -  4abx  =  a'  -  b\ 
Squaring  both  members, 

x'  —  ^bx  =  a*  —  2a^b'  +  b\ 
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Completing  the  square, 

x"  -  ^abx  +  4rt*^'  =  ^*  +  2«'^*  +  b\ 
x-2ab=  ±  {a'  -h  b'). 

x={a'-\-  2ad  -f  d'), 

OT-{a'  —  2ad-{-b'). 
x=  {a-\-  by,  or  —{a  —  by.  Ans. 

(b) >  +    ,  =    ,  ,  becomes 

^'  Z^+l       t^-r-1       4/-r'-l 

—  |/,r  —  1  +  V,r  +  1  =  1  when  cleared  of  fractions. 

Squaring, 

jr  -  1  —  2i/.r'  -  1  +  ,r  +  1  =  1. 

—  2|/,r'  -  1  =  1  -  2,r. 

Squaring  again,         4-r'  —  4  =  1  —  4,r  4-  4;r*. 

Canceling  Ax'  and  transposing, 

4^=5. 

5  J  A 

jr  =  -  =  1-      Ans. 
4         4 

(230)  5^  -  2j  =  51.  (1) 

19x  -  3/  =  180.         (2) 
We  will  first  find  the  value  of  ;r  by  transposing  —  2y  to  the 
second  member  of  equation  (1),  whence  5.r  =  51  +  2/,  and 

,=  5i±^.  (3) 

o 

This  gives  the  value  of  x  in  terms  ol  y.     Substituting  the 

value  of  X  for  the  x  in  (2),   (Art.  609.) 

19(51  4-  2j) 


5 


-dy=  180. 


Expanding,  ^^^  +  ^^"^  -  3>'  =  180. 

5 

Clearing  of  fractions,    969  +  3Sy  —  15^  =  900. 

Transposing  and  uniting,  2Sy  =  —  69. 

y=  —  3.     Ans. 

Substituting  this  value  in  equation  (3),  we  have 

X  = —  =  9.     Ans. 
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(231) 

(a) 

2;tr' 
x^ 

-27;r  = 
27  ;r 
2     ~ 

14. 

7. 

x"^ 

%lx 
2 

or    X  = 

2  _ 
4  ~ 

1 

"2 

841 
16 

Hence, 

X  = 

:  14,  or  - 

1 

2" 

Ads 

iP) 

x'- 

2x       1 
"3+12 

= 

0. 

Transposing, 

»      2x 
"         3   = 

1 

12* 

Completing  the  square, 


3    "^  V3  /  12  "^  9       36* 

Extracting  the  square  root, 

^-73  =  ^6- 

Transposing,  x  =  --{--=-y 

111 
^^    "=3-6^6- 

Therefore,  ;r  =  —  or  -.     Ans. 

2        o 

(c)  x*-\-ax  =  dx-{-ad. 

Transposing  and  factoring, 

x^  -\-  {a  —  d)  X  =  a  d. 
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Extracting  square  root, 


.  a  —  b          a-\-b 

a  —  b  ,  a  4-  b      , 
^=          2      +     3      =*• 

a  —  b      a  -\-  b 

Therefore, 

X  =  b,  or  —a.     Ans. 

(232) 

Let  X  =  rate  of  current. 

=  —  a. 


y  =  rate  of  rowing. 
Down  stream,   the  rowers  are  aided  by  the  current,  so 
r  +  y=12. 

Since  it  takes  them  twice  as  long  to  row  a  given  distance 

«/  stream  as  it  does  down  stream,  they  will  go  only  —  as  far 

1  ^ 

in  1  hour,  or  —  of  12  =  6  miles  per  hour  up  stream. 

;r+j=12.        (1) 
-x+y=    6.        (2) 

Subtracting,  2x  =    6,  and  x  =  3  miles  per  hour. 

Ans. 

(233)    Wl2£±3-?£^=10(.-1). 

Reducing  the  last  member  to  a  simpler  form,  the  equation 
becomes 

10;tr4-3       Ox -7       ,^ 

Clearing  of  fractions  by  multiplying  each  term  of  both 
members  by  6,  the  L.  C.  M.  of  the  denominators,  and  chang- 
ing the  sign  of  each  term  of  the  numerator  of  the  second 
fraction,  since  it  is  preceded  by  the  minus  sign  (Art.  567), 
we  have 

20-r  +  G  -  18.r  +  21  =  BOx  -  GO. 

Transposing  terms,    20-r  —  18-r  —  60-r  =  —  60  —  21  —  6. 

Combining  like  terms,  —  5Sx  =  —  87. 

Changing  signs,  58^  =  87 ; 

whence,       jr  =  —  =  1  -.     An§. 

I/./;,    vi.—i) 
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(d)  {a*  +  xy  =  x'  =  Aa'  +  a*. 

Performing  the  operation  indicated  in  the  first  member,  the 
equation  becomes 

a*  +  2a''x  -\-x''  =  x''  +  4:a'  +  a\ 
Canceling  x'  (Art,  562)  and  transposing, 

2a^x  =  Aa^  -\- a'  —  a*. 
Combining  like  terms,  2a^x  =  Aa'. 
Dividing   by  2^',  ;ir  =  2.     Ans. 

^^^  x-2      x-\-2~  x"  -4:' 

Clearing  of  fractions,  the  equation  becomes 

(x-l)  {x-\-2)-{x  +  l)  {x-2)  =  S. 
Expanding,  x''-^x  —  2  —  x'-\-x-\-2  =  d. 
Uniting  terms,  2x  =  3. 

(234)  ll;ir  +  3j  =  100.  (1) 

4:x-7y  =  4.  (2) 

Since  the  signs  of  the  terms  containing  x  in  each  equation 
are  alike,  x  may  be  eliminated  by  subtraction.     If  the  first 
equation  be  multiplied  by  4,  and  the  second  by  11,  the  co- 
efficients in  each  case  will*  become  equal.     Hence, 
Multiplying  (1)  by  4,  44;ir  +  12j/  =  400.  (3) 

Multiplying  (2)  by  11,         44;ir  -  77/  =    44.         (4) 

Subtracting  (4)  from  (3),  89j  =  356. 

J  =  4.     Ans. 
Substituting  this  value  for  j  in  (2), 

4;ir  -  28  =  4. 
Ax  =  32. 
X  —S.     Ans. 

(235)  (a)  ji  =  243. 
Extracting  fifth  root  of  both  terms, 

jj/i=3. 
Cubing  both  terms,  j  =  3'  =  27.     Ans, 
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(6)  x"  +  Six'  -  10  =  2», 

or        x"  +  Six*  =  32. 
Completing  the  square, 

...  +  31.' +(!)■  =  32  + (I)' 

.       /31\'       o.       9G1       1,089 

31  33 

Extracting  square  root,  x*  -{-  —  =  ±  -^. 

n.  ■  ,  31   ,   33       2        , 

Transposing,  ;«:»=-  —  +  —=_,  or  1. 

31      33_       64__ 
whence,     x  =  ^  =  i 


;r"' +  31^*  +  I  ^ )   =32 


or    ;ir  =  ,i^nrs2=  -  2.     Ans.     (Art.  600.) 

(c)  X*  -  4^^  =  96. 

Completing  the  square, 

x'  -  4.r'  +  4  =  90  +  4  =  100. 
Extracting  square  root,   .«•'  —  2  =  ±  10. 
Transposing  and  combining,  x^  =  12,  or  —  8. 
But,  X*  =  4/P  =  12,  or  —  8. 

Removing  the  radical,  x*  =  144,  or  (—  8)'. 

ylii  =  v^  X  vH  =  2vl8.     (Art.  538.) 

vT=^  =  (-8)': 

Hence.  x  =  2i/l8,  or  (-  8)*.     Ans. 

(236)  (a)  The  value  of  a'  is  the  same  as  1.  (Arts. 
438  and  439.) 

{6)  -^  =  rt.     Ans.     (Art.  530.) 

(c)  i^{Sx*  +  5xy  -\-  Gx*j^y  =  dx*  4-  5xy  +  Gx'f=z3  X  2'  +  6 
X  2  X  4'  +  G  X  2*  X  4  =  12  4-  G40  +  90  =  748,  when  jr  =  ?, 
^nd  ^'  =  4.     Ans. 
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Clearing  of  fractions, 

(6^+1)  (7.r  -  16)  -  15(2^  -  4)  =  3(2^:-  1)  (7;«r~  16) 
Removing  parentheses  and  expanding, 

A2x'  -  S9x  -  16  -  SOx  +  60  =  42,r'  -  117.r  +  48. 
Canceling  42,r*  (Art.  562)  and  transposing, 

117a'  -  89^  -  dOx  =  16  -  60  +  48, 
Combining  terms,  —  2x  =  4. 

x=  —  2.     Ans. 

ax*  ax 

a^x^  +  adc  —  ad^x  -\-  acx  —  abx^  =  0. 
Transposing  and  uniting,  acx  —  ad\v  =  —  abc. 

a{c  —  b^)x  =  —  abc. 

abc 


a{c-  b'Y 

Canceling   the  common  factor  a  and  changing  two  of  the 

signs  of  the  fraction  (Art.  482), 

be  . 

X  —  — .     Ans. 

b  —  c 


/;  +  7      \^  +  l 
Clearing  of  fractions, 

(i/j  -  3)  (|/:^ + 1)  =  (v^-  + ' )  (v^-  -  4)  =- 

,t'  _  2  >/r  —  3  =  .1-  +  3  4/^  -  28. 
Transposing  and  canceling  x  (Art.  562), 
—  2  -/i  —  3  4/I-  =  3  -  28. 
—  5\/x—  —  25. 
|/J  =  5. 
4^  =  25.    Ans. 
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(238)     (a)  V%  by  Art.  540  =  V%^  ^S^~^\^. 


Ans. 


When  the  denominators  contain  both  simple  and  com- 
pound expressions,  it  is  best  to  remove  the  simple  expressions 
first,  and  then  remove  each  compound  expression  in  order. 
Then,  after  each  multiplication,  the  result  should  be  reduced 
to  the  simplest  form. 

Multiplying  both  sides  by  36, 

^      ,  „^      144(jr-3)  ,  ^ 

144^-432        .. 

or    — —  =  20. 

5;r  —  4 

Clearing  of  fractions, 

144-r  -  432  =  lOO^r  -  80. 

Transposing  and  combining, 

444-=  352; 

whence,      .r  =  8.     Ans. 

{b)    ax =  —  becomes,  when  cleared  of  fractions, 

2  a 

lax  —Za-\rbx=\. 
Transposing  and  uniting  terms, 

lax  -\-bx  =  ^a-\-\. 
Factoring,  (2a  -f-  b')x  =  3tf  + 1 ; 

whence,        x  =  - — ^^.     Ans. 
2a -J-  ^ 
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ax    .    X 


{c\     am  —  b J — I =  0,  when  cleared  of  fractions  = 

^  '  b         in 

abm^  —  b'^in  —  anix  -\-  bx  =  0. 

Transposing,  bx  —  anix  =  b"ni  —  abm^. 

Factoring,  {b  —  am')x  =  bin{b  —  am) ; 

,  bmib  —  am)       ,  . 

whence,         x  =  —— H-  =  bm.      Ans 

[b  —  avi) 

(240)  x+jf  =  lS.  (1) 

xf  =  36.  (2) 

Squaring  (1)  we  have 

;t''  +  2,rr+/  =  109.  (3) 

Multiplying  (2)  by  4,  Uy  =  144.         (4) 

Subtracting  (4)  from  (3), 

x'' -  2xy -{- y  =  25.  (5) 

Extracting  the  square  root  of  (5), 

x-f=z±5.         (6) 
Adding  (6)  and  (1),  2x  =  18  or  8, 

;t:  =  9  or  4.     Ans. 
Substituting  the  value  of  x  in  (1), 

9+j=13, 
or       4+j=13; 
whence,  y  =  ^,)    ^^^ 

or  jj/  =  9.  3 

(241)  ;tr'-y  =  98.  (1) 

x-j^  =  2.  (2) 

From  (2),  x  =  2-\-f.      (3) 

Substituting  the  value  of  x  in  (1), 

8  +  i2j  +  ay  +y  -  y  =  98. 

Combining  and  transposing. 

6y  +  127  =  90. 
/  +  2j  =  15. 
y  +  2j  +  1  =  15  +  1  =  16. 
_y  +  1  =  ±  4. 

jy  —  3,  or  —  5.     Ans. 
Substituting  the  value  of  jy  in  (3),  .r  =  5,  or  —  3.     Ans. 
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(242)  Let  X  =  the  whole  quantity. 

Then,  — -  +  10  =  the  quantity  of  niter. 
o 

X  1 

—  —  4^  =  the  quantity  of  sulphur. 

1  /2x  \ 

—I  — -  +  101—2  =  the  quantity  of  charcoal. 

Hence,  ^^  =  :^  +  10  + -  -  4^  +  ^^^^ +10J- 2. 

Clearing  of  fractions  and  expanding  terms, 

42.r  =  28.r  +  420  +  7-r  -189  +  4^+60-84 
Transposing, 

42x  -  28-r  -  7^  -  4^  =  420  -  189  +60-84. 
Zx  =  207. 
jr  =  69  lb.     Ans. 

(243)  Let  X  =  number  of  revolutions  of  hind  wheel. 
Then,  51  +  .r  =  number  of  revolutions  of  fore  wheel. 

Since,  in  making  these  revolutions  both  wheels  traveled 
the  same  distance,  we  have 

16.1- =  14(51+jr). 
16x=  714  +  144r. 
2x  =  714. 
X  =  357. 

Since  the  hind  wheel  made  357  revolutions,  and  since  the 
distance  traveled  for  each  revolution  is  equal  to  the  circum- 
ference of  the  wheel,  or  16  feet,  the  whole  distance  traveled 
=  357  X  16  ft.  =  5,712  feet.     Ans. 

(244)  (a)     Transposing, 

5x*  -  2x*  =  24  +  9. 
Uniting  terms,  Sx*  =  33. 

-r»  =  ll. 
Extracting  the  square  root  of  both  members, 

±  VTT.     Ans. 
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(,.  J 1_  _  7 

^^  ^^       Qx'  ~"3' 

Clearing  of  fractions,  9  —  2  =  28;r*. 
Transposing  terms,      28x^  =  7. 

,      1 

Extracting  the  square  root  of  both  members, 

x=  ±-.     Ans. 

x"      ;r'-10_  50  +  ;tr' 

^^'      5  15       ~  25      ■ 

Clearing  of  fractions  by  multiplying  each  term  of  both 
members  by  75,  the  L.  C.  M.  of  the  denominators,  and  ex- 
panding, 

15;i;'  -  5x'  +  50  =  525  -  150  -  dx\ 

Transposing  and  uniting  terms, 
Idx"  =  325. 


Dividing  by 

13, 

or    x=  ±  5.     Ans. 

(245) 

4x+dy  =  ^S. 

(1) 

-dx+5y  =  n. 

(a) 

From  (1), 

48  -  4:X 

(3) 

From  (2), 

22  +  dx 
^=         5       • 

(4) 

Placing  (3)  ; 

and 

(4)  equal  to  each  other, 
48  -  4;ir  _  22  +  Sx 

3  5 

Clearing  of  fractions, 

240  -  20;ir  =66  +  9x. 
Transposing  and  uniting  terms, 

-29x=  -  174, 
or  X  =  6.     Ans. 

Substituting  this  value  in  (4), 

22+18      „       . 
y  = ^ =  8.     Ans. 

5 
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(246)         Let  X  =  speed  of  one. 

jr  +  10  =  speed  of  other. 

1  200 
Then,   '        =  number  of  hours  one  train  required. 

— — —  =  number  of  hours  other  train  required. 

x+  10  ^ 

1.200  ^   1,200 
X  ^  +  10  "^      ■ 

1,200-r  +  12,000  =  1,200^  +  lO-r*  +  100-r. 
—  lO-r*  —  100.r  =  —  12,000. 
lO-r*  +  100.r  =  12,000. 
x'-\-10x=  1,200. 
x'  +  10x-\-25  =  1,200  +  25  =  1,225. 
x+5=  ±35. 

-r  =  30  miles  per  hour.  )    . 
jr  +  10  =  40  miles  per  hour.  ) 


cleared  of  fractions,  becomes 


(247)  2x-^^-^—i:  =  0 

0 

3/  +  ^^-9  =  0 

10;r-7  +  3-20  =  0.'  (1) 

9y  _|_  ^  _  2  -  27  =  0.  (2) 

Transposing  and  uniting,  lO^r  —  ^  =  17.         (3) 

^  +  gy  =  29.  (4) 
Multiplying  (4)  by  10  and  subtracting  (3)  from  the  result, 

10-r+ 90^^  =  290 

10;r-     ^=    17 

91^  =  273 
y=3.     Ans. 

Substituting  value  of  jr  in  (4), 

;r  +  27  =  29. 

x=  2.     Ans. 

(248)  (a)  4^  X  1^  =  2*  X  3*.     (Art.  547.) 

2*  X  3*='i/2^X  V^=i^32  X  27  =  "V^-    Ans. 
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'^Sa'x'K     Ans. 
{c)   2i/xy  X  SV^  =  3  X  3(;trj)*  X  (^»'  =  Q>'\/x''f.     Ans. 

(249)  Let  ;i:  =  the  part  of  the  work  which  they  all  can 
do  in  1  day  when  working  together. 

— el.l,     L4.1  =  . 

or,  clearing  of  fractions  and  adding, 

15  =  30;t-,  and  x  =  —. 

Since  they  can  do  —  the  work  in  1  day,  they  can  do  all 
of  the  work  in  2  days.     Ans. 

(250)  Let  X  =  value  of  first  horse. 

y  =  value  of  second  horse. 
If  the  saddle  be  put  on  the  first  horse,   its  value  will  be 
X  -\-  10.   This  value  is  double  that  of  the  second  horse,  or  2y, 
whence  the  equation,  \r  +  10  =  2f. 

If  the  saddle  be  put  on  the  second  horse,  its  value  is^  +  10. 
This  value  is  $13  less  than  the  first,  or  .*■  —  13,  whence  the 
equation,  ^  +  10  =  ;r  —  13. 

;tr  +  10  =  2^.  (1)  ■ 

^  +  10  =  .r  -  13.    (2) 
Transposing,        x  —  2y  =  —  10.       (3) 
-x-{-  y=  -23.       (4) 
Adding  (3)  and  (4),  —  ^  =  —  33. 

jj/  =  $33,  or  value  of  second  horse.  Ans. 
Substituting  in  (1),  ;r  +  10  =  66 ; 

or     X  =  $56,  or  value  of  first  horse.  Ans. 

(251)  Let  X  =  A's  money. 

J  =  B's  money. 

If  A  should  give  B  $5,  A  would  have  x  —  5,  and  B,  _>'  +  6. 
B  would  then  have  $6  more  than  A,  whence  the  equation, 
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}'  +  o-{.r-o)  =  6.  (1) 

But  if  A  received  $5  from  B,  A  would  have  x -\-  5,  and  B, 
jy  —  5,  and  3  times  his  money,  or  3  (-r  +  5),  would  be  $20 
more  than  4  times  B's,  or  4  ( j  —  5),  whence  the  equation, 
3{x  +  5)  -  4(  J/  -  5)  =  20.  (2) 

Expanding  equations  (1)  and  (2), 

j  +  5-x+5=6.  (3) 

3  jr +15 -4^/4-20  =  20.  (4) 

Transposing  and  combining, 

jf  —  x=  —  4i.  (5) 

-  47  +  3;r  =  -  15.  (6) 

Multiplying  (5)  by  4,  and  adding  to  (6), 
4j  —  4r  =  —  16. 
-^y  +  Sx=  -15. 
-  jr  =  -  31. 
X  -  31. 
Substituting  value  of  x  in  (5), 

^  -  31  =  -  4. 
y-rt. 
Hence,  x  =  $31,  A's  money.  {    . 

y  =  127,  B's  money.  J  ' 

(252)     {a)  x*-Gx  =  16. 

Completing  the  square  (Art.  697), 
4^  —  6;r  H-  9  =  16  +  9. 
Extracting  the  square  root,  x  —  S=  ±5. 
Transposing,  jr  =  8,  or  —  2.  Ans. 

(d)  x'-^x^S. 

7   ^9 

^-2=^2' 
whence,         jr  =  8,  or  —  1.      Ans. 
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(c)  9x'  -  12x  =  21. 

Dividing  by  9,  x' ~  =  — , 

,       4.x      7 


Completing  the  square, 

3 


,       4;tr       /2\'       7,4      25 


Extracting  square  root,       x  —  -■  =  ±  —. 

0  o 

2       5       7 
Transposing,  ;,;  z=  _  +  -  =  -, 

2       5  3 

or        ^=--^=--=:-L 

7 
Therefore,  ;tr  =  —,  or  —  1.     Ans. 

(253)     {c-i)-i  =  ch.     Ans.     (Art.  526,  HI.) 

(w|/«')-*  =  »«-J(«l)-i  =  w-l«-*  =  — 7-y.     Ans. 

(<r^~')a  =  cc'd'a,  or  fV^^,  or  y  -yj-.     Ans.     (Art.  530.) 

(254) 

Let  X  =  number  of  quarts  of  90-cent  wine  in  the  mixture. 
J/  =  number  of  quarts  of  50-cent  wine  in  the  mixture 
Then,         x-\-f=QO,  (1) 

and     90x  +  50r  =  4,500  =  75  X  60.     (2) 
Multiplying  (1)  by  50, 

50;tr  +  50/ =  3,000.  (3) 

Subtracting  (3)  from  (2), 

40;tr=  1,500; 

whence,         x  =  37—  qt.     Ans. 

Multiplying  (1)  by  90,  90;ir  +  90j  =  5,400         (4) 
Subtracting  (2),  90;tr  +  50/ =  4, 500         (2) 

40/=      900; 

whence,        /  =  22-  qt.     Ans. 
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(255)     Let  X  —  the  numerator  of  the  fraction. 

y  =  the  denominator  of  the  fraction. 


Then,      -  =  the  fraction. 

From  the  conditions, 

2x    _2                  ,. 

7+7      3'                ^^ 

and 

x+2      3                  ,. 
2j     =5-                 ^^^ 

Clearing  (1)  and  (2)  of  fractions,  and  transposing. 

6x=2y+U,      (3) 

and       5x=6y-  10.      (4) 

Solving  for  x, 

27+14_7+7 
^-        6       -      3    •     ^^' 

x=!^.  (6) 

y4_7      6y— 10 
Equating  (5)  and  (6),  -^    '      =  -^^— ^ • 

Clearing  of  fractions,  5y  +  35  =  ISy  —  30 

whence,       13j'  =  65, 

or,  y  =  5. 

Substituting  tnis  value  oi  y  in  (3), 

6,r=  10+14  =  24; 

whence,  x  =  A. 

4 
Therefore,  the  fraction  is  -.     Ans. 

o 

(256)  Let  X  =  digit  in  tens  place. 

y  =  digit  in  units  place. 
Then  10-r  +7  =  the  number. 
From  the  conditions  of  the  example, 

10x+y=  ^x-\-y)  =  4,r  +  4^  ; 
whence,        3/  =  6.r, 
or        y  =  2x. 
From  the  conditions  of  the  example, 

10.r  4-7  +  18  =  IO7  +  x; 
whence,     9/  —  9^  =  18. 
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Substituting  the  value  of  y,  found  above, 
18;r— 9;ir  =  18; 
whence,      ;ir  =  3. 
jj/  =  2^  =  4. 
Hence,  the  number  =  lO-r  +  >'  =  20  +  4  =  24,  Ans. 

(257)  Let  X  =  greater  number. 

jy  =  less  number. 
Then,  ;r  +  4  =  3ij,  (1) 

and   f+S  =  ^.  (2) 

Clearing  of  fractions,  4;tr4- 10  =  13j, 
and     2y  +  l(i  =  x; 
whence,   13j/  —  4:X  =  16.  (3) 

27  -    x=-16.  (4) 

Multiplying  (4)  by  4,  and  subtracting  from  (3) 

5y  =  80, 
or    _)/  =  16.  Ans. 
Substitutmg  in  (4),        32  —  ;r  =  —  16; 

whence,    x  =  48.   Ans. 


LOGARITHMS. 

(QUESTIONS  258-272.) 


200  200 

(258)    First  raise  — —  to  the  .29078  power.    Since  — —  =  2, 

/200\""»  ^  2.„.„^  ^^^  j^g  2»«"  =  .29078  X  log  2  =  .'30O7S  x 

.30103  =  .08753.     Number  corresponding  =  1.-2Q33.     Then, 

^j         =1-1.2233= -.-2233. 

We  now  find  the  product  required  by  adding  the  log- 
arithms of  351.36,  100,  24,  and  .2233,  paying  no  attention  to 
the  negative  sign  of  .2233  until  the  product  is  found.     (Art. 

647.) 

Log  351.36  =  2.54575 

log       100  =  2 

log         24=1.38021 

log    .2233  =  1.34889 

.y«w  =  5.27485  = 

log  351.36  X  100  X  24  f  1  -  f  — )  ) 

Number  corresponding  =  188,300. 

The  number  is  negative,  since  multiplying  positive  and 

negative   signs   gives   negative;  and   the   sign  of   .2233  is 

minus.     Hence, 

x=  —  188,300.     Ans. 

(259)  («)  Log  2,376  =  3.37585.  Ans.  (See  Arts.  625 
and  627.) 

(/^)  Log  .6413=1.80706.    Ans. 
(<r)  Log  .0002507  =  4.39915.     Ans. 

For  notice  of  Uie  copyright,  see  page  immediately  £ol :  •.  i  lie  pa|^ 
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(260)     {a)     Apply  rule,  Art.  652. 
Log    755.4  =  2.87818 
log  .00324  =  3.51055 

difference  =  5.36763  =  logarithm  of  quotient. 
The  mantissa  is  not  found  in  the  table.  The  next  less 
mantissa  is  36754.  The  difference  between  this  and  the 
next  greater  mantissa  is  773  —  754  =  19,  and  the  P.  P.  is 
763  —  754  =  9.  Looking  in  the  P.  P.  section  for  the  column 
headed  19,  we  find  opposite  9.5,  5,  the  fifth  figure  of  the 
number.  The  fourth  figure  is  1,  and  the  first  three  figures 
233;  hence,  the  figures  of  the  number  are  23315.  Since  the 
characteristic  is  5,  755.4  -r-  .00324  =  233,150.     Ans. 

(d)     Apply  rule,  Art.  652. 

Log       .05555  =  2.74468 
log   .0008601  =  4.93455 

difference  =  1.81013  =  logarithm  of  quotient. 
The  number  whose  logarithm  is  1.81013  equals  64.584. 
Hence,  .05555  -^  .0008601  =  64.584.     Ans. 
{c)     Apply  rule,  Art.  652. 

Log    4.62  =_.  66464 
log.  6448=  1.80943 

difference  =    .85521  =  logarithm  of  quotient. 
Number  whose  logarithm  =  .85521  =  7.1648. 
Hence,  4. 62  -4-  .  6448  =  7. 1648.     Ans. 

r9«1^  ,«_  238X1,000 

\'^^^)  -^      —      0042'*""'    ' 

Log     238  =  2.37658 

log  1,000  =^ 

sum  =  5. 37658  =  log  (238  X  1,000) 

Log  .0042  =  3.62325 

.6602 

124650 

373950 

373950 

.411469650  or  .41147. 


LOGARITHMS.  139 

.6602 
-3 


—  1.9  8  0  6  =  characteristic. 
Adding,       .41147 
-  1.9806 


2.43  08  7    (See  Art.  659.) 

Then,  log  Pqo^^.^^T)  =  5.37658  -  2.43087  =  6  94571  = 

fi  94571 
74  log  X',  whence,  Xo^  x  =       ^^       =  9.38609.      Number 

whose  logarithm  =  9.38609  is  2,432,700,000  =  x.     Ans. 

(262)  Log  .00743  =  3.87099. 

log  .006      =3.77815. 


-^.00743  =  log  .00743  ^  5    (Art.  662),  and  /T006  =  log 
^006 -4-.  6.     Since  these  numbers  are  wholly  decimal,  we 
apply  Art.  663. 

5)  3.8  7  09  9 

1.5  7  41  9  =  log  (^.00743. 

The  characteristic  3  will  not  contain  5.  We  then  add  2 
to  it,  making  5.  5  is  contained  in  5,  1  times.  Hence,  the 
characteristic  is  T.  Adding  the  same  number,  2,  to  the 
mantissa,  we  have  2.87099.  2.87099 -^  5  =  .57419.  Hence, 
log  f^.  007 43  =  1.57419. 

.6)  3^7  7815       .6  is  contained  in  3,  —  5  times. 

T  .6  is  contained  in  .77815, 1.29691  times. 

1.29691 


Sinn  =  4.2  9  6  9  1  =  log  i/.006. 

Log  -f/.  00743  =1.57419 
log  i^'^OOe      =4.29691 

difference  =  3.27728  =  log  of  quotient 
Number  corresponding  =  1,893.6. 

Hence,  ^.00743 -f-  ^^006  =  1,893.6.     Ans. 
M.  /;.    \i.—io 
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(263)     Apply  rule,  Art.  647. 

Log  1,728  =  3.23754 
log  .00024  =  4.38021 
log  .7462  =  1.87286 
log  302.1  =  2.48015 
log  7.6094=    .88135 


sum  =  2.85211  = 
log(l,728X.00024x. 7462x302.1x7.6094).     Number  whose 
logarithm  is  2.85211  =  711.40,  the  product.     Ans. 

(264)  Log  4/57954=    .77481-^-2  =  .38741 

log  4^61.19  =  1.78668  -^  3  =  .59556 
smn  =  .98297 

log  -^298.54  =  2.47500  -4-  5  =  .49500. 

^,          >/5.954  X  1^61.19       ,        ,  /^-r^         s,r——-.        . 
^^^"'     ^/.nol. =  ^°S  (/5.954   X  4/6139)  -  log 

y  298. 54 

t^298.54  =  .98297  -  .49500  =  .48797  =  logarithm    of     the 
required  result. 

Number  corresponding  =  3.0759.     Ans. 

(265)  1^.0532864  =  log  .0532864  ~  7. 
Log  .0532864  =  2.72661. 

Adding  5  to  characteristic  2  =  7. 

Adding  5  to  mantissa  =  5.72661. 

7"^  7  =  T. 

5.72661  -^  7  =  .81809,  nearly. 

Hence,  log  4^.0532864  =  1.818^9. 

Number  corresponding  to  log  1.81809  =  .65780.     Ans. 

(266)  (a)  d2'\           1.50515 
Log  32  =  1.50515.       4^ 

1204120 

602060 

7.224720 
7.22472  is  the  logarithm  of  the  required  power.     (Art. 
657.) 

Number  whose  logarithm  =  7.22472  is  16,777,000. 
Hence,  32'-'  =  16,777,000.     Ans. 
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Log  .76  =  1.88081.  1 +  .8  80  81 

(See  Arts.  658  and  669.)  3.6  2 

176162 
528486 
264243 


3.18  85  3  22 
-3.6  2 


1.56  8  53  =  log  .37028. 
Hence,  .  76*  •"  =  .  37028.     Ans. 
(c)  .84-".  _ 

Log.  84  =  L  92428.  T4-.924  28 

.38 


739424 

277284 

.35  12264 
-.3  8 


1.9  7  123  =  log. 93590. 
Hence,  .84-"  =  .93590.     Ans. 


«/  I  */23 

(267)     Log  y  — -  —  log  y  —  =  logarithm  of  answer. 

Log  V  —  = -(log  1-log  249)= -(0-2. 39620)= -.39937 

=  (adding  -f  1  and  —  1)1.60063. 

s/53       1  1 

Log  Yyi  =  5  (log  23  -  log  71)  =  i  (1.36173  -  1.85126)  = 

^  (-.48953)  =  -  .097906  =  (adding  +  1  and  -  1)  1.902094, 

or  1.90209  when  using  5-place  logarithms. 

Hence,  1. 60063-1. 90209=1. 69854=  log .  49950.  Therefore, 


V^-/f^  =  .  49950.     Ans. 


(268)     The  mantissa  is  not  found  in  the  table.     The  next 
less  mantissa  is  .81291;  the  difference  between  this  and  the 
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next  greater  mantissa  is  298  —  291  =  7,  and  the  P.  P.  is 
.81293  —  .81291  =  2.  Looking  in  the  P.  P.  section  for  the 
column  headed  7,  we  find  opposite  2.1,  3,  the  fifth  figure  of 
the  number;  the  fourth  figure  is  0,  and  the  first  three 
figures,  650.  Hence,  the  number  whose  logarithm  is. 81293 
is  6.5003.     Ans. 

2.52460  =  logarithm  of  334.65.     Ans.     (See  Art.  640.) 
1.27631  =  logarithm  of  .18893.     Ans.     We  choose  3  for 
the  fifth  figure  because,  in  the  proportional  parts  column 
headed  23,  6.9  is  nearer  8  than  9.2. 

(269)     The   most   expeditious  way  of  solving  this  ex- 
ample is  the  following: 

p  v'-*'  =/>,v,'-*\  or  v,=''Y^^  =  v'V^' 

Pi  Pi 


i-*y  134.7 
Substituting  values  given,  v^  =  1.495  y  _    . 

Id.  4«1 

T                  1        -.  .n;.   .   log  134.7 -log  16.421        __.    , 
Log   z/,  =  log   1.495  H TTi    '  —  -17464  + 

whence,  v^  =  6. 6504.     Ans. 


/o^^^     T        //7.1895X  4,764.2^X0.00326*      1.,      „  ,q„. 

(270)     Wf        ,000489X  457-X  .576^        =  5  ^^^^^^'^^^^ 

+  2  log  4,764.2  +  5  log  .00326  -  (log  .000489  +  3  log  457  +  2 

log.  576)]  -5- '^'^878  -  ^-18991^  -g^yy^  ^  log  .020786.    Ans. 
o 

Log  7.1895=  .85670 
2  log  4,764.2  =  2  X  3.67799  =  J7. 35598 
5  log   .00326  =  5  X  3.51322  =  13.56610 

sum=    5.77878 

Log  .000489=4.68931 
3  log  457  =  3  X  2.65992  =  7.97976 
a  log  .  576  =  2  X  1. 76042  =  1. 52084 


sum  =  4. 18991. 
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(271)     Substituting  the  values  given,  , 

8,000         /sy-      onnn/3\'" 

^~        ;#X2.25        ""  2.25 

Log/ =  log 8,000  + 2.18  log^- log  2.25  =  3.90309 +  2.18 

(log  3  -  log   16)  -  .35218  =  3.55091  +  2.18  X  (.47713  - 
1.20412)  =  1.96605  =  log  92.480.     Ans. 


(272)     Solving  for  /,         /  =  r  -q^ 


Id 


960,000* 
Substituting  values  given, 

^=^;^0X;^^X^  2^/^044. 

mm 

1,000 

log_X)44   2. 64345   -  2. 18  +  .  82345  _ 
^^%*-     ^.18  ~   2.18  ~     2.18 
1. 37773  =  log  .  23863.  Ans. 
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(1)  When  one  straight  line  meets  another  straight  line 
at  a  point  between  the  ends,  the  sum  of  the  two  adjacent 
angles  equals  two  right  angles.  Therefore,  since  one  of 
the  angles  equals  |  of  a  right  angle,  the  other  angle 
equals  two  right  angles  (or  ^)  minus  |.  We  have,  then, 
J^  —  ^  =  I,  or  1 1^  right  angles.     Ans. 

(2)  It  is  an  isosceles  triangle,  since  the  sides  opposite 
the  equal  angles  are  equal. 

(3)  A  regular  decagon  has  10  equal  sides ;  therefore,  the 
length  of  one  side  is  40  -^  10  =  4  in.     Ans. 

(-4)  The  sum  of  all  the  interior  angles  of  any  polygon 
equals  two  right  angles,  multiplied  by  the  number  of  sides 
in  the  polygon  less  two.  As  a  regular  dodecagon  has 
12  equal  sides,  the  sum  of  the  interior  angles  equals  two 
right  angles  X  10  (—  12  —  2),  or  20  right  angles.  Since 
there  are  12  equal  angles,  the  size  of  any  one  of  them  equals 
20  -T-  12,  or  If  right  angles.     Ans. 

(5)     Equilateral  triangle. 

(t>)  Since  the  two  angles  A  and  C,  Fig.  I, 
are  equal,  the  triangle  is  isosceles,  and  a  line 
«4rawn  from  the  vertex  B  will  bisect  the  line 
A  C,  the  length  of  which  is  7  inches;  there- 
fore, 

AD=  DC=7  -T-2  =  di  in.     Ans. 


(7)     The  length  of  the  line  =  ^Vi*  -  »'  -f  i^lS*  -  9*.  or 
19.94  in.     Ans. 

Fir  notice  of r:..i,.    .,„.  pn^  imrae<.I:a'-' ■•  ••■"•^winir  tho  titl«  {«»»!*. 
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(8)  One  of  the  angles  of  an  equiangular  octagon  is  equal 
to  ^  of  12  right  angles,  or  1^  right  angles,  since  the  sum 
of  the  interior  angles  of  the  equiangular  octagon  equals 
12  right  angles. 

(9)  See  Art.  71. 

(10)  In  Fig.  U,  A  B  =  4:  inches,  and  OA  =  6  inches. 
We  first  find  the  length  oi  O  D.     0D  =  V~0A'  -  ITA"  ;  but 

_C     »  'OA'  =  C>\  or  36,   and  D'A"  =  /|^     or  4; 

therefore,  O  D=  \/M  —  4,  or  5.(J57. 

DC^  O  C  -  O  D,  or  DC  =  6  -  5.657, 

or  .  343  inch.     In  the  right  triangle  ADC, 

we  have  A  C,  which  is  the  chord  of  half 

the   arc    A  C  B,    equals  \/il^  -f  .  343*,    or 

2.03  in.     Ans. 
Fig   II 

(11)      Given,     O  C  =  6%   inches    and 

6>y^  =  17  -^  2  =  8^  inches,  to  find  A  B  (see  Fig.  III).     A  C, 

which  is  one-half  the  chord  A  B,  equals 

VTTA''  -  WC'^ ;  therefore. 


A  C=  i^my  -  (5|)',     or  6.26  inches. 

Now,  A  B  =  2X  A  C;    therefore,   A  B 
=  2  X.6.26,  or  12.52  in.      Ans. 

(12)  The  arc  intercepted  equals  J  of  4, 
or  3  quadrants.      As  the  inscribed  angle 
is  measured  by  one-half  the  intercepted  arc,  we  have  3^2 
=  1^  quadrants  as  the  size  of  the  angle. 

(13)  Four  right  angles  -=-  f  =  4  X  1,  or  14  equal  sectors. 


Fig.  III. 


(14) 

24-^  8  = 

Then, 


Since    24    inches   equals    the    perimeter,   we    have 
3  inches,  as  the  length  of  each  side  or  chord. 

y(^  +  3fi3'  =  3.92  in.,  radius. 
3.92  X  2  =  7.84  in.,  diameter.      Ans. 

(15)     In    19°  19'  19"    there    are    69,559  seconds,   and  in 
360°,  or  a  circle,   there  are  1,296,000  seconds.      Therefore, 
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69  559 
69,559  seconds  equal        ' '     '     ,  or  .053';7->   part  of  a  circle. 

'  Alls. 

(16)  Referring  to  Fig.  75  of  the  text  and  using  the 
values  given  in  the  example,  we  have  A  B  =  26  feet  7  inches, 
or  26.583  feet;  A  C  =  40  feet;  and  the  included  angle 
A  =  36°  20'  43".  Then  in  the  right  triangle  A  D  B,  A  B  is 
known,  and  also  the  angle  A. 

Hence,  by  rule  1,  ArL.  98,  BD  =  26.583  X  sin  36°  20' 43" 
=  26.583  X  .59265  =  15.754  feet.  By  rule  3,  Art.  98, 
AD:=  26.583  X  cos  36^  20'  43"  =  26.583  X  .80546  =  21.411. 
AC-  AD=  iO  -  21.411  =  18.589  feet  =  D  C.  In  the 
right    triangle    CDB,    the    two    sides   B D  and    DC   are 

X-      ^^      15.754        o,~,n         1         1     ^ 
known;  hence,  tan  C  =  -7^-7^=  ,„  .^„  =  .84749,  and  angle  6 

//  L       lb.o89 

=  40°  16'  52".     Ans. 

,     ^      N        r^c     n^'       ^^  ^  15.754 

Applying  rule  2,  Art.  98,  ^  C  =  ^nTc- =  ,i^  40°  16' 52" 

1 1  7'S4 
^      ]    ,,  =  24.37,  or  24  ft.  4.4  in.     Ans. 
.04bo4 

Angle  B  =   180°  -  (36°  20'  43".  +  40°  16'  52")  =  180°  - 

76°  37'  36"  =  103°  22'  26".  Ans. 

(17)  See  Fig.  76  of  the  text.  Solving  the  triangle  ABC, 
we  first  find  B  D.  By  rule  1 ,  Art.  98,  BD  =  A  B  x  sin  A 
=  16tV  X  sin    54°  54'  54"  =  16t»j  X  .81830  =  13.434    feet. 

Sin    BCD  =  ^,  =  J|4tI  =  99202 ;  whence,  angle  BCD 
b  C       13.542 

=  82°  45'  30".     Ans. 

By  rule  3,  CD  =  B  C  X  cos  C=  131}  X  cos  82**  45'  30" 
=  im  X  .12605  =  1.7069  feet. 

By  rule  3,  A  D  =  A  B  X  cos  A  =  16,*^  X  cos  64°  64'  64" 
=  16Vj  X  .57479  =  9.4361  feet. 

In  the  triangle  A  B  6',  the  angle  A  C B  is  the  supplement 
(see  Art.  27)  of  the  angle  BCD  and  equals  180°  —  angle 
B  CD,  or  A  CJ>  =  180°  -  82°  45'  30"  =  97°  14'  30".      Ans. 

Angle /i  Z?r  =  180°  -  (angle  BA  C -\- sing\e  A  C B)  =  180° 
-  (54°  64'  64"  +^7°  14'  30")  =  180°  -  152°  9'  24"  =  27*' 
50'  36".     Ans. 
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Sidey^  C=AD-  CD, or  A  (7=9.4361-1.7069  =  7.7292 
=  7  ft.  8f  in.     Ans. 

For  the  triangle  ABC,  angle  C  —  B  C  D  (isosceles  tri- 
angle), or  (:■'  =  82°  45'  30". 

Angle  A  B  C  =  180°  -  (angle  A  +  angle  C)  =  180° 
-  (54°  54'  54"  +  82°  45'  30")  =  180°  ~  137°  40'  24" 
=  42°  19'  36".     Ans. 

AC'  =  AD-\~C'D=  9.4361  +  1.7069  =  11.143  =  11  ft. 
If  in.     Ans. 

(18)  If  one-third  of  a  certain  angle  equals  14°  47'  10", 
then  the  angle  must  be  3  X  14°  47'  10",,  or  44°  21'  30". 
2i  X  44°  21'  30",  or  110°  53'  45",  equals  one  of  the  other 
two  angles.  The  third  angle  equals  180°  —  (110°  53'  45" 
+  44°  21'  30"),  or  24°  44'  45". 

(19)  Referring  to  Fig.  70  of  the  text,  \etB  C=  437  feet 
and  A  C  =  792  feet,  to  find  the  hypotenuse  A  B  and  the 
angles  A  and  B. 

AB  =  VaT''  -\-BT"  =  VtW  -h  437'  =  4/818,233  =  904  ft. 
6f  in.     Ans. 

T,         ,  .        ^r^  ^       side  opposite  .       437 

By  rule  4,  Art.  98,  tan  A  =  .-.^  adjacent'  ^^  ^^"  ^  =  792 

=  .55177;  therefore,  A  =  28°  53'  19".     Ans. 
Angle  ^  =  90°  -  28°  53'  19",  or  61°  6'  41".     Ans. 

(20)  See  Fig.  IV.    Angle  B  =  180°-  (29°21'+76°  44'  18") 

=  180°-106°5'18"  =  73°54'42". 

From  C,  draw  C  D  perpen- 
l\       dicular  to  A  B. 

A  jD  =  A  C  cos  A  =  31.833 
.8^X\\     X  cos  29°  21'  =  31.833  X  .87164 

_|^ ^   *\V  =27. 747  feet.    CD  =  ACsmA 

—31-ior^ 1 J<7  ^  31  833  X  sin  29°  21'  =  31.833 

^'°-^^-  X  .49014=  15.603. 

BC  =  -^,  =    .     It^^l  ,,,,  =  16. 24  feet  =  16  ft.  3  in. 
sm  B      sm  73"  54'  42" 

n/?        ^^  15.603  ,  nf    \ 

D B  — 5  = ^^o  ^,,  ,  ,„  =  4. 5  feet. 

tan  B      tan  73°  54  42 
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-/  B  -  A  D  ^  DB  =  27.747  +  4.5  =  32.247  =  32  feet, 
3  inches.  .  i5  {7  =  16  ft.  3  in. 

Ans.  ]  ^  ^  =  32  ft.  3  in. 
(      B  -  73^  54'  42". 

(21)  By  rule,  Art.  135, 

d^x/-^  =  \/^?^  =  f^ll3.8528,  or  10.67  in.     Ans. 
V  -7854       V   -7804 

Circumference  equals  10.67  X  3.1416,  or  33.52  in.     Ans. 

In  a  regular  hexagon   inscribed  in  a  circle,  each  side  is 

equal  to  the  radius  of  the  circle;  therefore,  — ^ —  =  5. 335 in. 
is  the  length  of  a  side.     Ans. 

(22)  Angle  m  O  B  =  ^  oi  360°,  or  22^".  mO=  \  of 
;;/  //  =  I  of  2,  or  1  inch.     See  Fig.  V. 

Side  m  B  —O  in  x  tan  221°,  or  m  B 
=  1  X  .41421  =  .41421. 

AB  =  'lmB;  therefore,  A  B  z=  .82842 
inch. 

Area  of  A  O  B  =  \  x  .82842  X  1  = 
.41421  square  inch,  which,  multiplied  by 
8,  the  number  of  equal  triangles,  equals 
3.31368  square  inches. 

Volume  of  bar  =  3.31368  X  10  x  12  =  397.6416  cu.  in. 

Weight  of  bar  equals  397.6416  X  .282  =  112.1349,  or 
112  lb.  2  oz.     Ans. 

(23)  .5236  X  16*  =  2,144.66  cubic  inches  equals  the  vol- 
ume of  a  sphere  16  inches  in  diameter. 

.5236  X  12*  =  904.78  cubic  inches  equals  the  volume  of  a 
sphere  12  inches  in  diameter. 

The  difference  of  the  two  volumes  equals  the  volume  of 
the  spherical  shell,  and  this  multiplied  by  the  weight  per 
cubic  inch  equals  the  weight  of  the  shell.  Hence,  we  have 
(2,144.66  -  904.78)  X  .261  =  323.61  lb.     Ans. 

(24)  The  circumference  of  the  circle  equals    "     , 

or  72.0833   inches.     The    diameter,    therefor^  is    «  Vji  •' 
or  22.95  in.,  nearly.     Ans. 


FIG.  V. 
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(25)  (a)  lifiV  inches  =  17.01G  inches. 

Area  of  circle  =  .7854^?^  =  .7854  X  17.016'  =  227.41  sq.  in. 

Ans. 
(d)     16°  7'  21"  =  16.1225°.     By  rule,  Art.  132, 

,      -dn       3.1416  X  17.016  X  16.1225       ^  or..  •  a 

^=1360-  = 360 =  2.394  m.      Ans. 

(26)  (a)    By    rule,  Art.    144,  area  =  12  X  8  x  .7854 
=  75.4  sq.  in.      Ans. 

(/;)     Applying  the  formula,   Art.    1  43,  a  =  6,  b  =  A,  D 

_  6  -  4  _  2  _  1 
~  6  +  4  ~  10  ~  5' 

Perimeter  =  3.1416  (6  +  4)  — ~n-Ui  -  31.731  in.      Ans. 

'  64  -  I6(i)' 

(27)  Area  of  base  =  .7854  X  7'  =  38.484  square  inches. 
Slant  height  of  cone  =  y'll*  +  3^\  or  11.5434  inches. 
Circumference  of  base  =  7  X  3.1416  =  21.9912  inches. 

Convex  area  of  cone  =  21.9912  X  — —^ — =  126.927  square 

2 

inches. 

Total  area  =  126.927  +  38.484  =  165.41  sq.  in.     Ans. 

(28)  Volume  of  sphere  equals  .5236  X  10'  =  523.6  cubic 
inches. 

Area  of  base  of  cone  =  .7854  X  10"  =  78.54  square  inches. 
3  X  523.6 


78.54 


=  20  in.,  altitude  of  cone.     Ans. 


(29)  Volume  of  sphere  =  .5236  X  12="  =  904.7808  cubic 
inches. 

Area  of  base  of  cyHnder  =  .7854  X  12'  =  113.0976  square 

inches. 

u  •   u.     f      r   ^  904.7808       ^  .  . 

Height  of  cylmder  =:  =  8  in.     Ans. 

11o.097d 

(30)  {a)    Area   of    the  triangle  equals ,  or 

^*i-^^  =  57  sq.  in.     Ans. 
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{/?)  See  Fig.  VI.  Angle  BAD-  79°  22';  angle  A  BD 
=  90°  -  79°    22'  =  10°    38'.        Side   A^B  b 

=  B  D  -T-  sin     79°  22'  =   12  ^  .98283  = 
12.209  inches. 

Side    A  D  =  B  D  X  tan     10°  38'  -  12 
X  .18775  =  2.253  inches. 

Side   D  C  =  A  C  -  A  D  =  9.5  -  2.253 
=  7.247  inches.   

Side  B  C  =  VTTb"  +  DT"  =  i/ir  +  7.24r  =  i/l9G:5l"9 
=  14.018  inches. 

Perimeter  of  triangle  equals  AB-{-BC-\-AC=  12.209 
+  14.018-1- 9.5=  35.73  in.     Ans. 

(31)  The  diagonal  divides  the  trapezium  into  two  tri- 
angles; the  sum  of  the  areas  of  these  two  triangles  equals 
the  area  of  the  trapezium,  which  is,  therefore, 

11  X  7   ,   11  X  4i       -,,  . 

(32)  ,  Referring  to  Fig.  Ill,  example  11,  we  have  O  A  or 
O  B=  10-^2=5  inches,  and  A  B  =  C)^  inches. 


Sin  COB- 


C  B      0  J  -T-  2 


=  .67500;  therefore,  angle  COB 


OB  5 

=  42°  27'  14.3". 
Angle  AOB-  (42°  27'  14.3")  X  2  =  84°  54'  28.6".     Ans. 
0C=0  Bxcos  CO  B  =  bX  .73782  =  3.6891. 

Area  of  sector  =  10'  X  .7854  X o  —  =  18.524  square 

,  obO 

mches. 


Area  of  triangle  = 


6.75  X  3.6891 
2 


12.450  square  inches. 


18.524  —  12.450  =  6.074   sq.    in.,    the    area   of    the   seg- 
ment.    Ans. 

(33)  See  Fig.  VII.  Area  of  lower  base 
=  IS"  X  .7854  =  254.4696  square  inches. 

Area  of  upper  base=:12*X  .7854=113.0976 
square  inches. 

H  G  =  />  G  —  A  F  =  \)  —  6,  or  3  inches. 

Shinj_  height  FG  =  \^~EG*  +  'E^  = 
Fio.  VII.         -/B'  -f  14'  =  14.32  inches. 
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By  formula,  Art.  169, 
(-_{P+  />  _  37J}992  +  56. 5488 


X  14.32  =  674.8156  sq.  in. 


2  2 

Total    area  =  674.8157  +  254.4696  +  113.0976  =  1,042.38 
sq.  in.     Ans. 

■h 


By  formula,  Art.  170,V={A-\-a-{-\/A  +«)-'=  (113.0976 

+  254.4696  +  4/113.0976  X  254.4696)  J/-  =  2,506.997  cu.   in. 

Ans. 

(34)  Area  of  surface    of    sphere  27  inches  in  diameter 
=  7:d'  =  3.1416  X  27'  =  2,290.2  sq.  in.     Ans. 

(35)  Area    of     end  =  19'  X  .7854  =  283.5294     square 
inches.       Volume  =   283.5294   X    24  =  6,804.7056    cu.    in. 

Ans. 

(36)     Given,  IB-I  inches  and  HI 
=  IK  =  -^^'  =  7  inches  to  find  the  radius. 
See  Fig.  VIII. 
IB'.  HI  ^  HI  \  AI,  or  2  :  7  =  7  :  AI 

Therefore,  A  1=  V"  =  '^^i  inches. 
AB  =  ^/+/^=24^  +  2  =  26iinches. 


Fig.  VIII. 


^    ,.  AB      26J 

Radius  =  — -—  =  — ^ 


13^  in.     Ans. 


(37)     (a)  In  Fig.  IX,  given  6>  i9  =  V  or  8  inches, and  (9 ^ 
=  13  -^  2  =  6|  inches,  to  find  the  volume,  area,  and  weight. 

Radius  of  center  circle  equals  3~^~» 

or  7^  inches.  Length  of  center  line 
=  3.1416  X  2  X  7]  =  45.5532  inches.  The 
radius  of  the  inner  circle  is  6^  inches, 
and  of  the  outer  circle  8  inches;  there- 
fore, the  diameter  of  the  cross-section 
on    the    line    A  B   is    \\   inches.      Then,  F'^.  ix. 

the    area    of    the    imaginary   cross-section    is    (ll)'*  X  .7854 
=  1.76715  sq.  in.     Ans. 

Volume  of  ring  =  1.76715  X  45.5532  =  80.499  cu.  in.    Ans. 

{b)     Weight  of  ring  =  80.4993  X  .261  =  21  lb.     Ans. 
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(38)     The  convex  area  =  4  X  5|  X  18  =  378  sq.  in.     Ans. 
Area  of  the  bases  =  5^  X  5|  X  2  =  55.125  square  inches. 
Total  area  =  378  +  55.125  =  433.125  sq.  in.     Ans. 
Volume  =:  {5^y  X  18  =  496.125  cu.  in.     Ans. 


A  C 


(39)     InFig.X,^r-^^^3^ 
since  AOC^\oi  A  O  />\  AOC^  30°.) 


(I  of  360°  =  60°,    and 


(9r  = 


0 


.57735 


-=  10.392. 


Area  of  A  O  B  = 


12  X  10.392 


=  62.352  square  feet. 
Since  there  are  6  equal  triangles  in  a 
hexagon,     then    the    area     of     the    base 
=  6  X  62.352,  or  374.112  square  feet. 
Perimeter  =  6  X  12,  or  72  feet. 
72  X  37 


FIG.  X. 


Convex  area  == 


=  1,332  sq.  ft.     Ans. 


Totai  area  =  1,332  +  374.112  =  1,706.112  sq.  ft.      Ans. 

(40)  Area  of  the  base  =  374.112  square  feet,  and  alti- 
tude =  37  feet.  Since  the  volume  equals  the  area  of  the 
base  multiplied  by  ^  of  the  altitude,  we  have 


volume  =  374.112  x  ^j  =  4,t;U  cu.  ft. 


Ans. 


(41 )     Given,  A  B  -  6|  inches,  and  O  />  =  O  A  =  10  -^  2 
:  5  inches  (see  Fig.  XI),  to  find  the  area  of  the  sector. 
Area  of  circle  =  10'  X  .7854  =  78.54  square  inches. 

bin  A  0C=  -pr-T  =  -^ —  =    6.<^750 ; 
OA  5 

therefore,  A  OC=  43°  25'  57  . 

.  /  OB^HX  A  OC=)lX  43°  25'  57" 
^Sli"  51'  54"  =  86. 865'. 

By  rule.  Art.  137, 

86.865       »,,,,..       ,  ,  ,.► 

X  78.54  =  18.95  sq.  in       .\.i>. 


Fig.  XI. 


360 
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(42)     By  rule,  Art.  129,  ^i  ^bh  =  l  X  lOj  (129  inches 
lOJ  feet)  =  75i  sq.  ft.     Ans. 


(43)     See  Art.  13(). 

Area  of  trapezoid  =  (^^V/  =  iM^tlliix  7|=U3. 
sq.  ft.     Ans. 


75 


(44)     {n)    Side    of  square    having   an    equivalent    area 

=  i/l43.75  =  11.99  ft.  Ans. 

{h)      Diameter    of  circle    having    an     equivalent     area 
143.75 


7854 


=  i/l83.0277  =  13^  ft.     Ans. 


{c)   Perimeter  of  square  =  4  X  11.99  =  47.90  ft. 
Circumference  of  circle  =  13|  x3.141G  =  42.41  ft. 

Difference  of  perimeter  =    5. 55  ft.  =  5  ft.  6. 6  in. 

Ans. 


(45)  In  the  triangle  ABC, 
Fig.  XII,  A  B  r=  24  feet,  B  C 
=  1 1. 25  feet,  and  A  C  ^  \%  feet. 
in  -\- 11  :  a  -\-  b  ^=  a  —  b  '.  in  —  n, 
or  24  :  29.25  =  6.75  :  in  -  n. 


in  —  11 


29.25  X  G.75 
24 


8.226502. 


Adding  ;//  -|-  ;/  and  ;//  —  //,  we  have 

111  4-  /;  =  24 

in  -  n^    8.220562 


2  ;«  =  32.220502 
m  =  10.113281. 


Subtracting  ;;/  —  ;/  from  in  -\-  ;/,  we  have 


2;/  =  15.773438 
;/ =     7.886719. 
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In    the    triangle    A  D  6,    side    ^6  =  18    feet,    side   A  D 
—  10.113281;  hence,  according  to  rule  2,  Art.  98,  cos  A 

=  l^-^Yo  —  =  .89518,  or  angle  A  =  26°  28'  5".     In  the  tri- 
lb 

angle  B  D  C,  side  ^Z)==  7.886719,  and  side  B  C  =  11.25  feet. 

Hence,  cos  B  =  ^ff^J^^  =  .70104,  or  angle  B  =  45°  29'  23". 
11.25 

Angle  C=  180°  -  (45°  29'  23"  +  26°  28'  5")  =  108°  2'  32". 

^  A  =    26°  28'    5". 

Ans.    ]  B  =    45°  29'  23". 

(  C  =  108°  2'    32". 


:/.  /;.     1  /.    n 


NOTICE 

The  present  set  of  answers  on  the  subject  of  Geometry 
and  Trigonometry  are  less  in  number  than  were  contained  in 
the  former  edition.  As  a  consequence,  there  is  a  slight  break 
in  the  page  numbers  between  the  last  page  of  the  answers  on 
Geometry  and  Trigonometry  and  the  Paper  following. 


ELEMENTARY  MECHANICS. 

(QUESTIONS  355-453.) 


(355)  Use  formulas  18  and  8. 

Time  it  would  take  the  ball  to  fall  to  the  ground  =  ^  = 

./Til       ./2  X  5.5        __._. 

The  space  passed  through  by  a  body  having  a  velocity  of 
500  ft.  per  sec.  in  .58484  of  a  second  =  5=F/  =  500X 
.58484  =  292.42  ft.     Ans. 

(356)  Use  formula  7. 

1^  X  3.1416  X  160      ^_  ._  .  , 

J-5 — =  55. 85  ft.  per  sec.     Ans. 

oO 

8  1 

(357)  160  -4-  60  X  7  =  ^   revolution   in  -  sec.     360**  X 

A  =  137I.  =  137°  8'  34^  .     Ans. 

(358)  {a)  See  Fig.  20.     36'  =  3'.     4  -r-  3  =  i  =  number 

o 

of   revolutions  of   pulley  to  one   revolution  of   fly-wheel. 

4 
54  X  5-  =  72  revolutions  of  pulley  and  drum  per  min.     100  -f- 

u 

I  —  X  3.1416)  =  21.22  revolutions  of  drum  to  raise  elevator 

21  22 
100  ft.     -^^  X  60  =  17.68  sec.  to  travel  100  ft     Ans. 

01  00  V  fiO 
{d)    21.22  :  ^  ::  30  :  60,   or  x  =         3^         =  42.44  rev. 

|for  notice  of  the  copyright,  see  pa^c  immciliatuly  following  the  title  pa^ 
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per  min.  of  drum.     The  diameter  of  the  pulley  divided  by 


Fig.  20. 

3 

the   diameter   of   the   fly-wheel  =  -,   which   multiplied   by 

42.44  =  31.83  revolutions  per  min.  of  fly-wheel.     Ans. 

(359)  See  Arts.  867  and  859. 

(360)  See  Art.  861. 

(361)  See  Arts.  843  and  871. 

(362)  See  Art.  871. 

(363)  See  Arts.  842,  886,  887,  etc. 

The  relative  weight  of  a  body  is  found  by  comparing  it 
with  a  given  standard  by  means  of  the  balance.  The  abso- 
lute weight  is  found  by  noting  the  pull  which  the  body  will 
exert  on  a  spring  balance. 

The  absolute  weight  increases  and  decreases  according  to 
the  laws  of  weight  given  in  Art.  890  ;  the  relative  weight  is 
always  the  same. 

(364)  See  Art.  861. 

(365)  See  Art.  867, 
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(366)  See  Art.  857. 

(367)  If  the  mountain  is  at  the  same  height  above,  and 
the  valley  at  the  same  depth  below  sea-level  respectively, 
it  will  weigh  more  at  the  bottom  of  the  valley. 

(368)  ^J?  =  6  miles.     Using  formula  12,^'  iJ^i: 

M/               u                 ^^^       3,960' X  20,000       .^  qqq  ;;q  l  ik 
W:  a;,wehavew  =  — ^^  = fd66' =  19,939.53  + lb. 

=  19,939  lb.  S^oz.     Ans- 

(369)  Using  formula  11,  R  :  d ::  W :  w^  we  have 
„  =  £|:  =  3,958X20.000  ^  ^^,3,  3^  ,^  ^  ^      3^  ,^    ^^ 

oz.     Ans. 

(370)  See  Art.  870. 

(371)  See  Art.  894. 

(372)  The  velocity  which  a  body  may  have  at  the  in- 
stant the  time  begins  to  be  reckoned. 

(373)  Because  the  man  after  jumping  tends  to  continue 
in  motion  with  the  same  velocity  as  the  train,  and  the  sud- 
den stoppage  by  the  earth  causes  a  shock,  the  severity  of 
which  varies  with  the  velocity  of  the  train. 

(374)  See  Arts.  870  and  871.  --•' 

(375)  See  Art.  872. 

(376)  That  force  which  will  produce   the   same  final 

effect  upon  a  body  as  all  the  other  forces  actiivjf  toi^ether  is 
called  the  resultant. 

(377)  (rt)  If  a  5-in.  line  =  20  lb.,  a  l-in.  line  =  4  lb. 

1  -=-  4  =  T   in.  =  1   lb.     Ans.     (d)  6^-  -^  4  =  1.5625  in.  = 
4  4 

6r  lb,     Ans. 
4 

(378)  Those   forces   by  which   a  given  force  may  be 
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replaced,  and  which  will  produce  the  same  effect  upon  a 
body. 

(379)     Southeast,  in  the  direction  of  the  diagonal  of  a 
jsaat  square.     See  Fig.  21. 

(380)     4'  6"  =  54'.     54  X  2  X I X 

.261  =  21.141  lb.  =  weight  of  lever. 
Center  of  gravity  of  lever  is  in  the 
middle,  at  a,  Fig.  22,  27"  from  each 
end.  Consider  that  the  lever  has  no 
,  weight.  The  center  of  gravity  of 
Pj^j  2j  the  two  weights  is  at  d,  at  a  dis- 

47  X  54 
tance  from  c  equal  to  =  21.508"  =  dc.   Formula  20, 

Art.  911. 


h— h- 


(^ )    (       \ 

^--^         (         IF        1 


zi.ao8- 


Fig.  23. 

Consider  both  weights  as  concentrated  at  d,  that  is, 
imagine  both  weights  removed  and  replaced  by  the  dotted 
weight  IV,  equal  to  71  +  47  =  118  lb.  Consider  the  weight 
of  the  bar  as  concentrated  at  a,  that  is,  as  if  replaced  by 
a  weight  xv  =  21.141  lb.     Then,  the  distance  of  the  balancing 

...  .  21.141  X  5.492        __,,     . 

pomt  /,  from  e,  or  fe,  -    21  141  +  118   =  '^^^  '  ^^"^^  ^^  = 

27  -  21.508  =  5.492".  Finally,/^4-  ^//  =fh  =  .834  +  21.508 
=  22.342"  =  the  short  arm.  Ans.  54  —  22.342=31.658'  = 
long  arm.     Ans. 
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(381)     See  Fig.  2a 


100 


(382)     See  Fig.  24. 


TaliT 


FlO.  »4. 


(383)     46  —  27  =  19  lb.,  acting  in  the  direction  of  the 
force  of  46  lb.     Ans. 


70 
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(384)     (a)  18  X  60  X  CO  =  04,800  miles  per  hour      Ans 
(d)  64,800  X  24  =  1,555,200  miles.     Ans. 


FXG.  -A 
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15  X  5  280 
(385)     {a)  15  miles  per  hour  =  '        =  22  ft.   per 

sec.  As  the  other  body  is  moving  11  ft.  per  sec,  the 
distance  between  the  two  bodies  in  one  second  will  be 
22  +  11  =  33  ft.,  and  in  8  minutes  the  distance  between 
them  will  be  33  X  60  X  8  =  15,840  ft.,  which,  divided  by  the 


Ans. 


number  of  feet  in  one  mile,  gives      '         =  3  miles. 

OfZoO 

(6)   As  the   distance  between  the   two  bodies   increases 

33  ft.   per  sec,  then,  825  divided  by  33  must  be  the  time 

825 
required  for  the  bodies  to  be  825  ft.   apart,   or  -— -  =  25 

sec.     Ans. 

(386)  See  Fig.  25. 

(387)  (a)  Although  not  so  stated,  the  velocity  is 
evidently  considered  with  reference  to  a  point  on  the  shore. 
10  —  4  =  6  miles  an  hour.     Ans. 

{d)   iO  +  4  =  14  miles  an  hour.     Ans. 

(c)   10^4  +  3  =  9,andl0  +  4+3  =  17milesanhour.    Ans. 

(388)  See  Fig.  26. 

/ 

/ 
/ 


Scale  1  =10  llK 


I 


I 
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(389)  See  Fig.  27.  By  rules  2  and  4,  Art.  754,  bc  = 
87  sin  23°  =  87  X  .39073  ==33.994  lb.,  ac  =  ^l  cos  23°  = 
87  X  .92050  ^80.084  lb. 


80  Ih. 


Fig.  27. 


(390)  See  Fig.  28.  {b)   By  rules  2  and  4,  Art.  754, 
dc=^^b  sin  15°  =  325  X  . 25882  =  84. 12  lb.  Ans. 

{a)     ac—  325  cos  15°  =  325  X . 96593  =  313. 93  lb.  Ans. 


Scale  §=200  lb. 


(391)     Use  formula  lO. 


IV        125 

'"  =  y=3236  =  ^-^^^^-  ^"«- 
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W 

(392)  Using  formula  lO,  w  =  — ,  pr=  w/^=  53.7  X 

32.16  =  1,727  lb.     Ans. 

(393)  {a)  Yes.     (d)  25.     {c)  25.     Ans. 

(394)  (a)  Using  formula    12,  ^'  :  R'  ::   IV  :  ^,  ^  = 

|/^E  =  |/E^^  =  4,749.736  miles.      4,749.736  - 
w  100 

4,000  =  749.736  miles.     Ans. 

{d)  Using    formula    11,    R  :  i^  ::  IV  :  w,    d  =■  —^  = 

^'^4?  "^^^  =  2,836.88  miles.      4,000  -  2,836.88  =  1,163.12 
miles.     Ans. 

(395)  (tz)  Use  formula  18, 


,  =  |/^  =  |/i|S|l2  =  18.12  sec     Ans. 
g  32.16 

{b)  Use  formula  1 3, 2/  =  ^/  =  32. 16x18. 12  =  582. 74  ft.  per 
sec,  or,  by  formula  16,  t/  =  ^^gh  =  ^i  X  32.16  X  5,280  = 
582.76  ft.  per  sec.     Ans. 

The  slight  difference  in  the  two  velocities  is  caused  by  not 
calculating  the  time  to  a  sufficient  number  of  decimal  places, 
the  actual  value  for  /  being  18.12065  sec. 

(396)     Use  formula  26.    Kinetic  energy  =  IF//  =  — — . 

W/t  =  160  X  5,280  =  844,800  ft. -lb. 
Wi^       160  X  582.76' 


2g  2  X  32.16 


=  844,799  ft. -lb.      Ans. 


(397)     {a)  Using  formulas  15  and  14, 

V 

/  =  —  =  time  required  to  go  up  or  fall  back.     Hence,  total 

2t'  2  X  2,360        ,-  ,.-,       .  ,,  .,^  „- 

time  =  —  sec.  =  7— ^tt-tt.  =  2.4461  mm.  =  2  mm.  26.77 

g  oO  X  oZ.lb 

sec.     Ans. 
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(398)  1  hour  =  60  min.,  1  day  =  24   hours;    hence,  1 

day  =  60  X  24  =  1,440  min.      Using  formula   7,   V=  -; 

,  ,,      8,000  X  3.1416       ,^  ,^^   ,       .,  .        . 

whence,  V=  — ,    ..^ =  17.453  +  miles  per  mm.   Ans. 

1,440  ^ 

(399)  {a)  Use  formula  25. 

Kinetic  energy  =^'  =  l«L>^M|^^l^  =  ,i,S63.339.55 

ft. -lb.     Ans. 

,,.  21,863,339.55      ,^  ^„,  „„  ^ 

(^)  q  Ann =  10»  931. 67  ft.  -tons.     Ans. 

(c)   See  Art.  961. 

p 

Striking   force  X  77.  =  21,863,339.55  ft. -lb., 

1/i 

or  striking  force  =  ^1>863,339.55  ^  ^^^ ^^^^ ^^^  ^^      ^^^^ 

T?  

2  X  200  _ 


(400)     Using    formula     18,    /  =  |/1Z^  =  |/ 


^        "^       32.16 
3.52673  sec,  when^=  32.16. 


/  =  i/±E_M2  =  4. 47214  sec. ,  when  p-  =  20. 
'^        20 

4. 47214  -  3. 62673  =  0. 94541  sec.     Ans, 

(401)  See  Art.  910. 

(402)  See  Art.  963. 

(403)  (a)     See  Art.  962. 

„     m       W  800      „  T^      W  500 

JJ=— ^= — .     'v=  .    Hence,  Z/ =  —  =• 


V       gv  1,728  '  gv      32.16XAV? 

33.582.  Ans.  {b)  In  Art.  962,  the  density  of  water  was 
found  to  be  1.941.  (^r)  In  Art.  963,  it  is  stated  that  the 
specific  gravity  of  a  body  is  the  ratio  of  its  density  to  the 

density  of  water.     Hence,       '         =  17.3  =  specific  gravity. 

1. 941 

If  the  weight  of  water  be  taken  as  62.5  lb.  per  cu.  ft.,  the 

specific  gravity  will  be  found  to  be  17.28.     Ans. 

(404)     Assuming  that  it  started  from  a  state  of  rest, 
formula  13  gives  z/  =^ ^  =  32.16  X  5  =  160.8  ft.  per  sec. 
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(405)  Use     formulas    17     and     13.       h  =  -  g  f  = 
^       X  3'  =  144.72  ft.,  distance  fallen  at  the  end  of  third 

'a 

second. 

z/  =^/  =  32.16  X  3  =  96.48  ft.  per  sec,  velocity  at  end  of 
third  second. 

96.48  X  6  =  578.88  ft.,  distance  fallen  during  the  remain- 
ing 6  seconds. 

144.72  +  578.88  =  723.6  ft.  =  total  distance.     Ans. 

(406)  See  Art.  961. 

1 
Striking   force  Xr^  =  8x8  =  64-      Therefore,  striking 

force  =  —  =  1,536  tons.     Ans. 
12 

(407)  See  Arts.  901  and  902. 

(408)  Use  formula  19. 

Centrifugal  force  =  tension  of  string  =  .00034  IVRN*  — 

.00034  X  (.5236  X  4'  X  .261)  x  ^  X  60*  =  13.88+  lb.       Ans. 

(409)  (80'  -  70')  X  .7854  X  26  X  .261  -i-  2  =  weight  of 
J-  of  rim. 

„      80-10      35  ,^ 
^  =  -2^02  =12^^- 

According  to  Art.  904,  F=  .00034  IV RN*  ^  3.1416  = 
.00034  X  (80-  -  70-)  X  .7854  X  26  X  .261  ^  35  ^  ^^.,  ^ 

3.1416  =  38,64115.     Ans. 

(41 0)  {a)  Use  formulas  11  and  12.    Rid  ::  IV:  -i\ 

...      7vR      1x4,000      ,^,u       A 
or  IV=  —J-  =  — — ^- —  =r  40  lb.     Ans. 
a  100 

{b)    d*:R*  ::  IV:  w, or «/  = '^'^^*^/^  =  38.0721b.  Ans. 

4, 100 


(411)     See  Art.  955. 
10,746  X  354 


;0  X  33,00Q 


=  11.5275  H.  P.     Ans. 
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(412)     Use  formula  1 2. 

,_  -/4,000'  X  2 


d'  :  R'::W:  zv,  or  d-. 


3 


13,064  mi.,  nearly. 


32.16 


13,064  —  4,000  =  9,064  miles.     Ans. 

(413)  Use  formula  18.     ^  = /^  = /-^  ^  ^^ 
1,7634  sec,  nearly. 

1.7634  X  140  =  246.876  ft.    Ans. 

(414)  ^  =  o  sec.     Use  formula  17. 
k  =  ^gt'=z'^-  X  32.16  X  (|y=l'^4  ft.  =lft.  9.44  in 


Ans. 


(41 6)     See  Arts.  906,  907. 
(416)     See  Arts.  ^08,  909. 
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(417)  No.  It  can  only  be  counteracted  by  another 
equal  couple  which  tends  to  revolve  the  body  in  an  opposite 
direction. 

(418)  See  Art.  914. 

(419)  Draw  the  quadrilateral  as  shown  in  Fig.  29. 
Divide  it  into  two  triangles  by  the  diagonal  B  D.  The 
center  of  gravity  of  the  triangle  B  C  D  \s  found  to  be  at  a, 
and  the  center  of  gravity  of  the  triangle  A  B  D  is  found  to 
be  at  b  (Art.  914).  Join  a  and  b  by  the  line  a  b,  which,  on 
being  measured,  is  found  to  have  a  length  of  4.27  inches. 
From  C  and  A  drop  the  perpendiculars  C  F  and  A  G  on  the 

diagonal  B  D.     Then,  area  of  the  triangle  AB  D=  -  {AGx 

B  D),  and   area  of  the  triangle  B  C  D=\  {C  F  y.  B  D). 

Measuring   these   distances,    B  D=ll',    C  F=5.1',    and 
A  G=  7.7'. 

Area  A  B  D  =\  X  7.7  X  11  =  42.35  sq.  in. 

Ar&2i  BCD=\  X  5.1  X  11  =  28.05  sq.  in. 
According  to  formula  20,the  distance  of  O,  the  center  of 

.^        .  ,    .       28.05  X  4.27  .    r,        rru         (  *u 

gravity,  from  b  is  ^^-ttt-t— r^-^^  =  1- <•     Therefore,  the  cen- 
ter  of  gravity  is  on  the  line  ^  ^  at  a  distance  of  1. 7**  from  b. 

(420)  See  Fig.  30.  The 
center  of  gravity  lies  at  the 
geometrical  center  of  the  penta- 
gon, which  may  be  found  as 
follows:  From  any  vertex  draw 
a  line  to  the  middle  point  of  the 
opposite  side.  Repeat  the 
operation  for  any  other  vertex, 
and  the  intersection  of  the  two 
lines  will  be  the  desired  center 
of  gravity.  *"'»g*- 
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(421)  See  Fig.  31.  Since  any  number  of  quadrilaterals 
can  be  drawn  with  the  sides  given,  any  number  of  answers 
can  be  obtained. 

Draw  a  quadrilateral,  the  lengths  of  whose  sides  are  equal 

to  the  distances  between  the  weights,  and  locate  a  weight  on 

each  corner.     Apply  formula  20  to  find  the  distance  C^  W^ ; 

9  X  18 
thus,  Cj  W^=  =  5.4:'.     Measure  the  distance  C  W\ 

y  -p  Ai. 


Fig.  31, 
suppose    it    equals    say    36".     Apply    the    formula    again 
15  X  36 


31.7'. 


15 +(9 +  21) 


=  12'.     Measure  C,W^;    it  equals  say 
17  X  31.7 


Apply  the  formula  again.     C,C=  ^^      ^^^^      ^^ 
C  is  center  of  gravity  of  the  combination. 


8.7". 


(422)  Let  A  B  C  D  E,  Fig.  32,  be  the  outline,  the 
right-angled  triangle  cut-off  being  E  S  D.  Divide  the 
figure  into  two  parts  by  the  line  m  n,  which  is  so  drawn 
that  it,  cuts  off  an  isosceles  right-angled  triangle  m  B  n, 
equal  in  area  to  E  S  D,  from  the  opposite  corner  of  the 
square. 
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The  center  of  gravity  of  AinnC  D  E  is   then   at   C^ ,   its 
geometrical  center.     Bm  =  ^  in. ;  angle  Binr—  45° ;  there- 
of  m B 


fore,  B r  =  B m  X  s\n  B mr  =  i.  X  .tOI  -  2.828  in.     C, ,  the 

2 
center  of  gravity  of  Bmn,  lies  on  5r,  and  B C^  =  -Br 

=  I  X  2.828  =  1.885   in.     B  C^  =  A  B  x  sin   B  A  C^  =  U  X 
o 

sin  45°  =  14  X  .707  =  9.898  in.     C,  C^  =  BC^  -  B  C,  =  9.898 

-  1.885  =  8.013  in. 

4X4 


Area  ABCDE=  14'- 
4X4 


=  188  sq.  in.     Area  mBn 


=  8    sq.    in.      Area    A  mn  C D E  =  I'iS  -  S  =  180 


sq.  in. 


The  center  of  gravity  of  the  combined  area  lies  at  C,  at 

1/.  /;.    1  /.    /.' 
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a  distance  from  C, ,  according  to  formula  20  (Art.  911), 

,   ^     ^XC^C,       8  X  8.013        ^^^    .         ^  ^        ^^^   . 
^^^^^  '^  T80+f  =  —188—  =  -^^^   ^^-     ^'  ^  =  -^^1  ^^• 
^  (7  =  ^  r,  -  C,  C  =  9. 898  -  .  341  =  9. 557  inches.     Ans. 

(423)  {b)  In  one  revolution  the  power  will  have  moved 
through  a  distance   of   3  X  15  X  3.1416  =  94.248",  and   the 

weight  will  have  been  lifted  —  .     The  velocity  ratio  is  then 

94.248 -T-i-  =  376.992. 
4 

376. 992  X  25  =  9, 424. 8  lb.     Ans. 
{a)  9,424.8  -  5,000  =  4,424.8  lb.     Ans. 
(<r)  4,424.8^9,424.8  =  46.95^.     Ans. 

(424)  See  Arts.  920  and  922. 

(425)  Construct  the  prism  ABED,  Fig.  33.     From 
-S",  draw  the  line  E  F.     Find  the  center  of  gravity  of  the 

A/ 


Horizontal  G 

Fig.  33. 


♦rectangle,  which  is  at  C^,  and  that  of  the  triangle,  which  is 


ELEMENTARY  MECHANICS.  181 

at  C^.  Connect  these  centers  of  gravity  by  the  straight  line 
C,  C^  and  find  the  common  center  of  gravity  of  the  body  by 
the  rule  to  be  at  C.  Having  found  this  center,  draw  the 
line  of  direction  C  G.  If  this  line  falls  within  the  base,  the 
body  will  stand,  and  if  it  falls  without,  it  will  fall. 

(426)  {a)  5  ft.  G  in.  =  66'.  66  -^  6  =  11  =  velocity 
ratio.     Ans. 

{b)  5  X  11  =  55  lb.     Ans. 

(427)  55  X  .65  =  35.75  lb.     Ans. 

(428)  Apply  formula  20.  5  ft.  =  60'.  ^^r^-^  = 
9.7674  in.,  nearly,  =  distance  from  the  large  weight.     Ans. 

(429)  {a)  1,000 -^- 50  =  20,  velocity  ratio.  Ans.  See 
Art.  945.  {b)  10  fixed  and  10  movable.  Ans.  {c)  50-^95 
=  52.63^.     Ans. 

(430)  Py.  circumference  =  W^X  5-,  or  60  X  40  X  3.1416 

o 

^Wy.\,ox  W=  60  X  40  X  3.1416  X  8  =  60,318.72  lb.     Since 

o 

the  efficiency  of  combination  is  40j^,  the  tension  on  the  stud 
would  be  .40  X  60,318.72  =  24,127.488  lb.     Ans. 


(431)  {a)  4/20'+  5"  =  20.616    ft.  =  length   of   inclined 
plane. 

PX  length     of    plane  =  Wx  height,     or    Px  20.616  = 
1,580  X  5. 

P=    '^°\., ,.     =  383.2  lb.     Ans.      (/;)   In  the  second  case, 
20.616 

P  X  length   of   base  =^  Wx  height,  or  Px  20  =  1,580  X  5; 
hence,  P=  ^'^^^^^  ^  =  395  lb.     Ans. 

/iO 

(432)  PTx  2  =  42  X  6,  or  W=  ^-^  =  126  lb. 

126  4-  42  =  168  lb.  168  X  1  =  W^'  x  12,  or  W^'  =  ^  =  14  lb. 

Ans. 
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(433)     See  Fig.   34.     /'x  14  X  31  X  19  =  2~  X  3 j  X  2  ^ 

X  725,  or 

p      2i  X  31-  X  2^  X  725  ^  ^ 

14  X  21  X  19 


o» 


W 


■^4— -— f6^ ^JS— -+  6^ .m^-'^ f—  -iS 


Fig.  34. 


^ 


JF* 


(434)     See  Fig.  35.     {a)  35  X  15  X  12  X  20  =  5  X  3  -  X 

3  X  f^,  or 

35  X  15  X  12  X  20 


W  = 


5  X  3i  X  3 


=  2,400  lb.     Ans. 


Piaas. 
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(d)  2,400  ^  35  =  68y  =  velocity  ratio.     Ans. 
(<r)  1 ,  932  H-  2, 400  =  .  805  =  80. 5^.     Ans. 

(435)     In  Fig.  36,  let  the  12-Ib.  weight  be  placed  at  A, 
the  18-lb.  weight  at  B,  and  the  15-lb.  weight  at  D. 
Use  formula  20. 
12  X  15 


18  +  12 


distance   C.B  =  distance   of   center   of 


Fig.  36. 


gravity  of  the  12  and  18-lb.  weights  from  B.     Drawing  C\  D, 

15  y.  C  D  1 

C,C=  (pj.^gx' ,   15  =  3  ^1  ^-     Measuring    the   distances 

of  C  from  BD,DA,2LndAB,  it  is  found  that  Ca  =  3.45". 
Cb  =  5.25",  and  Cd=  4.4".     Ans. 

(436)  {a)  Potential  energy  equals  the  work  which  the 
body  would  do  in  falline  to  the  ground  =  600  x  75  = 
37,500  ft. -lb.     Ans. 


184 


ELEMEN'TARY  MECHANICS. 

Til  _  |/^X  75 


{b)     Using  formula  18,  /  =  r  —  —  r     32.I6 
sec.  =  .035995  min.,  the  time  of  falling. 

'^^'^QQ =  31.57  H.  P.     Ans. 

33,000  X  .035995 

(437)     127-^  02.5  =  2.032  =  specific  gravity.     Ans. 
62.5 


=  2.1597 


(438) 


X  9. 823  =  .35529  lb.     Ans. 


(439)     Use  formula  21.     I^  =  \^;^37-j' 

X  .48  =  499.2  lb.   Ans,    See  ^ 


1,728 

Use  i 
2X  COX  G.5 
°^     6.5 -5.75 
Fig.  37. 

(440)  See  Art.  961. 

/3  \       Wv"       1.5  X  25'   ^^ 

1.5  X  25' 

2  X  32.16  ^  j^_     ^^g^ 

1-12 

(441 )  {a)     2,000  -^  4  =  500  =  wt.  of  cu. 

ft.  500  -^  62. 5  =  8  =  specific  gravity.    Ans. 

=  .28935  lb.     Ans. 


Fig.  37. 


Fig.  38. 


(442)  See  Fig.  38.     14.5X2 
=  29.     30  X  29  =  W^X  5,  or  W= 

^^^  ^^  =  174  lb.    Ans. 
5 

(443)  75  X  .21  =  15.75  lb. 

Ans. 


(444)  {a)   900  X  150  =  135,000  ft. -lb.  Ans. 


135,000  _  g^^Q^  ^^  _j^  pg^  j^jj^_  ^ns. 


15 

^,000^3    3 
^^  33,000   11 


Ans. 
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(445)  900  X  .18  X  2  =  324  lb.  =  force  required  to  over- 
come the  friction.     900  -f-  324  =  1,224  lb.  =  total  force. 

1,224  X  150  ^   ^  ^   ^      ^^^ 

15  X  33,000 

(446)  18 -^  88  =  .2045.     Ans. 

JV         1  200 

(447)  See  Art.  962.     D  =  —  =  —  ' 


£^y     32.10x3 


=  12.438. 


(448)  See  Fig.  39.  125 
-47.5  =  77.5  lb.  =  down- 
ward pressure. 

77.5 -^  4  =19.375  lb. 
=  pressure  on  each  support. 

Ans. 

(449)  See  Fig.  40. 


Ans. 


Fig.  40. 


(460)     See  Fig.  41.     4.5  -v-  2  =  2.25. 
12 


2.25 


X  6  X  30  =  960  lb.     Ans. 


(451)     (a)  960 -T- 30  =  32.     Ans. 

{d)  790  -^  960  =  .8229  =  82.29j^.     Ana 
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(452)     (a)  See  Fig.  42.     475  +  (475  X  .24)  =  589  lb. 


(d)  475  -^  589  =  .  8064  =  80. 64^.      Ans. 


Ans. 


Fig.  41.  Fig.  42. 

(453)     (a)  By   formula    23,    U=  FS=  Qx25  =  150 
foct-pounds.     Ans. 

(3)   4sec.=|-=-Lmin. 

I^S      150 
Using  formula  24,  Power  =  ^^^  =  -y-  =  3, 600  ft. -lb.  per 

min.     Ans.  ^        ^ 


HYDROMECHANICS. 

(QUESTIONS  454-503.) 


(454)  The  area  of  the  surface  of  the  sphere  is  20  X  20 
X  3.1416  =  1,25G.G4  sq.  in.     (See  rule,  Art.  817.) 

The  specific  gravity  of  sea  water  is  1.026.  (See  tables 
of  Specific  Gravity.)  The  pressure  on  the  sphere  per  square 
inch  is  the  weight  of  a  column  of  water  1  sq.  in.  in  cross- 
section  and  2  miles  long.     The  total  pressure  is,  therefore, 

1,256.64  X  5,280  X  2  X  .434  X  1.026  =  5,908,971  lb.     Ans. 

(455)  125  —  83.5  =  41.5  lb.  =  loss  of  weight  in  water 
=  weight  of  a  volume  of  water  equal  to  the  volume  of  the 
sphere.  (See  Art.  987.)  1  cu.  in.  of  water  weighs  .03617 
lb. ;  hence,  41.5  lb.  of  water  must  contain  41.5  -^  .03617  = 
1,147.4  cu.  in.  =  volume  of  the  sphere.     Ans. 

^^^^)       ^  =  w^ = ^^-  ^  ^^*'  ^'  '^^- 

Substituting  the  values  given  in  formula  51, 


Zo 

Substituting  this  value  of  d  in  formula  49, 

_  24.51  X  62.5._ 
'^--        16.38'        -^-7095. 

The  value  of  /  (from  the  table)  corresponding  to  v^  = 
5.7095  is  .0216,  using  but  four  decimal  places.  Hence,  ap- 
plying formula  52, 


J=  2.57  f'"'^'"  ""  ^-gOO  +  ^X  l«-38)62.y  ^  ^^.     ^^^ 

26 
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(457)  {a)  Area  of  piston  =  (^\  X  .7854  =  .G013  sq. 

Pressure  per  square  inch    exerted    by   piston  =   ^^-.o  — 

83.15  lb. 

A  column  of  water  1  foot  high  and  of  1  sq.  in.  cross- 
section  weighs  .434  pound,  and  therefore  exerts  a  pressure  of 
.434  lb.  per  sq.  in.     The  height  of  a  column  of  water  to  exert 

a  pressure  of  83.15  lb.  per  sq.  in.  must  be  =  191.  G  ft. 

Consequently,  the  water  will  rise  191.  G  ft.     Ans. 

The  diameter  of  the  hole  in  the  squirt  gun  has  nothing  to 
do  with  the  height  of  the  water,  since  the  pressure  per 
square  inch  will  remain  the  same,  no  matter  what  the 
diameter  may  be. 

{d)  Using  formula  34,  range  =  ^/TWy,  we  have 

-/iT)/  =  4/4  X  10  X  191.G  =  87. 54  ft.     Ans. 

(458)  Use  formulas  44  and  43. 

(d)  a  =  .41  ^4/2^[4/I^  -  4/^]  = 

•^1  X  §  X  ^^^^^^^^  [^W  -  ^W]  = 

62.21  cu.  ft.  per  sec.     Ans. 

(a)  Area  of  weir  =  ^<^=  2.5  X  2  =  5  sq.  ft. 
Using  formula  43, 

v^  =  ^  =  .^Ml  33  10. 44  ft.  per  sec.     Ans. 
bah 

(<:)  To  obtain  the  discharge  in  gallons  per  hour  {b)  multi- 
ply by  60  X  GO  (seconds  in  an  hour)  and  by  7.48  (gallons  in 
a  cu.  ft.).  Thus  52.21  X  GO  X GO  X  7.48  =  1,405,910.9  gal. 
per  hour.  Ans. 

(459)  First  find  the  coefficient  of  friction  by  using 
formula  46,  and  the  table  of  coefficients  of  friction. 


'hd      .._y;    7GX7.5 


.„  =  2.315|/^  =  2.315|/^^^^^^^^  =  3.191ft.persec. 
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In  the  table  /  =  .  0243  for  v„,  =  3  and  .  023  for  2'„  =  4 ;  the  dif- 
ference is  .0013.  3.191  — 3  =  .191.  Then,  1  :  .191::. 0013  :  ;tr, 
or  .r-.0002.  Therefore,  .0243-  .0002  =  .0241  =  /.  Use 
formula  50 ;  substitute  in  it  the  value  of  f  here  found,  and 
multiply  by  60  to  get  the  discharge  per  minute. 

Q  =  .09445  d'  4/^  X  60  = 


y^  "^^x  '^■^ 


■'''''  X  ^-^^ ^  .0241  X  12,000  ""''  =  '''■'  ^^'-  P^^  "^^"- 

Note. — It  will  be  noticed  that  the  term^rt',  in  formula  50,  has 
been  omitted.  This  was  done  because  the  length  of  the  pipe  ex- 
ceeded 10,000  times  its  diameter. 

(460)  (^)  Use  formula  46. 

z/,„  =  2.315  X  r  ^  X  60  = 

/       76  X  7  5  ' 

(d)  447.6  gal.  per  min.  h-  60  =  7.46  gal.  per  sec.  =  1  ctu 
ft.  per  sec,  nearly.     Ans. 

(461)  See  Art.  1005. 

V  =  */Ygh  =  i/2  X  32. 16  X  10  =  25. 36  ft.  per  sec.     Ans. 

(462)  Use  formulas  49  and  47. 
24.51  Q       24.51  X  42,000      ^  „^^  . 

^-  =  -^^  =  6.5'  X  60  X  60  =  '-^'^  ^''  P^^  ^^^• 

.021  X  1  500  X  6.768'       ^^33  ^  ^^^3,  ^  ^^  ^^  ^^      ^^^ 
5.30  X  0.5 

(463)  {/>)  Area  of  top  or  bottom  of  cylinder  equals 
20'  X  .7854  =•  314.16  sq.  in.     Area  of  cross-section  of  pipe  = 

i~\    X. 7854  =.1104    sq.    in.     25    lb.    10    oz.  =  25.62r)    11). 

25.625  -7-  .1104  =  232.11  lb.,  pressure  per  square  inch  on  top 
or  bottom  exerted  by  the  weight  and  piston. 

Pressure  due  to  a  head  of  10  ft.  =  .434  X  10  =  4.34  lb. 
per  sq.  in. 
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Pressure  due  to  a  head  of  13  ft.  =  .434  X  13  =  5.64  lb. 
per  sq.  in. 

(Since  a  column  of  water  1  ft.  high  exerts  a  pressure  of 
.434  lb.  per  sq.  in.) 

Pressure  on  the  top  =  pressure  due  to  weight  +  pressure 
due  to  head  of  10  ft.  =  232.11  +4.34  =  236.45  lb.  per  sq. 
in.     Ans. 

(a)  Pressure  on  bottom  =  pressure  due  to  weight  +  pres- 
sure due  to  head  of  13  ft.  =  232.11  +  5.64  =  237.75  lb.  per 
sq.  in.     Ans. 

(c)  Total  pressure,  or  equivalent  weight  on  the  bottom  = 
237.75  X  314.16  =  74,691.54  lb.     Ans. 

(464)  .434  X  1-^  =  .651  lb.,  pressure  due  to  the  head  of 

water  in  the  cylinder  at  the  center  of  the  orifice. 

236.45,  pressure  per  square  inch  on  top,+  .651  =  237.101, 
total  pressure  per  square  inch.  Area  of  orifice  =  I'x  .7854 
=  .7854  sq.  in. 

.7854  X  237.101  =  186.22  lb.     Ans. 

(465)  (^)  Use  formulas  28  and  27.     Sp.Gr.  = 
w  11.25 


(^^_^')_(^^_^j- (91.25 -41)-(16  X5-3iX  16) 
.556.     Ans. 

W  SP.  ^-=W^=iU  X8)  -%  X  !,)-'■'''■    ^"^- 

(466)  First  find  the  coefficient  of  friction.  Formula 
46  gives 

.,  =  2.315 V^  =  ..315/J|||I  =  5.0719  ft.  per  sec. 

From  the  table  in  Art.  1033,/  =  .0230  for  v,„  =  4,  and 
.0214  for  v^  =  6.  .0230  -  .0214  =  .0016.  5.0719  -  4  = 
1.0719.  2  :  1.0719  ::  .0016  :  ;ir,  or  .;ir  =  .0009.  .0230  -  .0009 
=  .0221  =/ for  2/^  =  5.0719.     Hence, 

^o..i/      120  X  4  ,,.  . 

"^^^-^^^y  MU  X  4,000  =  «•**'■  P"  ^"'=-     ^"^- 
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(467)     Use  formulas  46  and  45. 

/        1  on   \y    A 

=  7.1728  ft.  per  sec. 


2.315 


0^- 


120  X  4 


.025  X  2,000 

From  the  table  in  Art.  1033,/=  .0214  for  v„,  =  6,  and 
.0205  for  v„,  =  S.     8-6  =  2. 
.0214  -  .0205  =  .0009.     7.1728  -  6  =  1.1728. 
2  :  1.1728::. 0009  :  x,  orx=  .0005. 
.0214  —  .0005  =  .0209  =/for  v„  =  7.1728. 
Hence,  the  velocity  of  discharge  = 


z/„  =  2.315 


/ 


120  X  4 


.0209  X  2,000  +  i  X  4 

(468)  (a)  See  Fig.  43.  Area  of 
cylinder  =  19'  X  .7854;  pressure,  90 
pounds  per  sq.  in.  Hence,  the  total 
pressure  on  the  piston  is  19*  X  .7854 
X  90  =  25,517.6  lb.  =the  load  that 
can  be  lifted.     Ans. 

{d)  The  diameter  of  the  pipe  has 
no  effect  on  the  load  which  can  be 
lifted,  except  that  a  larger  pipe  will 
lift  the  load  faster,  since  more  water 
will  flow  in  during  a  given  time. 

(469)  (a)  /  =.0205  for  v^  =  8. 
Therefore,  using  formula  47, 

0205X5,280X8* 
^'-  5.36X10  H-'^^^-iX 

8' =  130.73  ft.     Ans. 

(d)      Using    formula     48,    Q  = 

.0408rt'*2;,,  =  .0408xl0''x8  =  32.64  gal.  per  sec 

60  =  117,504  gal.  per  hour.     Ans. 


=  7. 8  ft.  per  sec.     Ans. 


FlO.48. 


32. 64  X  60  X 


(470)  A  column  of  water  1  in.  square  and  2.304  ft.  high 
weighs  1  lb. ;  hence,  to  produce  a  pressure  of  30  lb.  per  sq. 
in.  would  require  a  column  of  water  2.304  x  30  =  69.12  ft. 
high  =  head.     Using  formula  36, 


t; =.  98 1^2^^=. 98^/2  x  32. 16  X  69. 12  =  65. 34  ft.  per  sec.  Ans. 
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(47 1 )  (a)  36  in.  =  3  f  t.  A  column  of  water  1  in.  square 
and  1  ft.  high  weighs  .434  lb.  .434  X  43  =  18.662  lb.  per 
sq.  in.,  pressure  on  the  bottom  of  the  cylinder.  .434  X  40 
=  17.36  lb.  per  sq.  in.,  pressure  on  the  top  of  the  cylinder. 
Area  of  base  of  cylinder  =  20' X  .7854  =  314.16  sq.  in. 
314.16  X  18.662  =  5,862.85  lb.,  total  pressure  on  the  bottom. 

Ans 

{d)  314.16X17.36  =  5,453.82  lb.,  total  pressure  on  the 
top.     Ans. 

(472)  2  lb.  =  32  oz.  32  -  10  =  22  oz.  =  loss  of  weight 
of  the  bottle  in  water.  32  +  16  =  48  =  weight  of  bottle  and 
sugar  in  air.  48  —  16  =  32  oz.  =  loss  of  weight  of  bottle 
and  sugar  in  water.  32  —  22  =  10  oz.  =  loss  of  weight  of 
sugar  in  water  =  weight  of  a  volume  of  water  equal  to  the 
volume  of  the  sugar.     Then,  by  formula  27, 

•a  ■  W  16       ,  ^       . 

specific  gravity  =  ^_  ^,  =  —  =  1.6.     Ans. 

(473)  33  =  \^^h     (see  Art.  1005),  or 

33" 
h  =  -Tj-o^  =  16.931  ft.  per  sec.     Ans. 

(474)  {a)  Use  formula  42,  and  multiply  by  7.48  X  60 
X  60  to  reduce  cu.  ft.  per  sec.  to  gal.  per  hour. 

a  =  .41  X  ^  X  \^^X  32.16  X  (^y  X  7.48  X  60  X  60  = 

216,551  gal.  per  hr.     Ans. 
{b)  By  formula  43, 


Qa 


.41  X^^X  y  2X  32.16  X  (^) 


_         _  3.676 

"*      ^^                            —X  -  ft.persec. 

.     12      1^  Ans. 
(475)    /=  .0193    for    v^  =  12.     Therefore,    using    for- 
mula 47, 

.0193  XG  OOP  X  12-  ^  ^^33  ^  ^^.  ^  ^^^^^  3^  ^^      ^^ 
y.  '3D  X  o 
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(476)  {a)  1  cu.  in.  of  water  weighs  .03617  lb. 

.03617  X  40  =  1.4468  lb.  =  weight  of  40  cu.  in.  of  water 
=  loss  of  weight  of  lead  in  water. 

16.4  —  1.44T  =  14.953  lb.  weight  of  lead  in  water.     Ans. 

(A)  16.4  -7-  40  =  .41  =  weight  of  1  cu.  in.  of  the  lead. 
16.4  —  2  =  14.4  lb.  =  weight  of  lead  after  cutting  off  2  lb. 
14.4  -r-  .41  =  35.122  cu.  in.  =  volume  of  lead  after  cutting 
off  2  lb. 

(477)  {a)  See  Fig.  44.     13.5  X  9  X  .7854  =  95.4261  sq. 
in.,  area  of  base. 

.03617  X  20  =  .7234  lb.  per  sq.  in.,  pressure  on  the  base 
due  to  the  water  only. 

12 +  .7234  =12.7234  lb., 
total  pressure  per  square 
inch  on  base. 

12.7234  X  95.4261  = 
1,214.144  1b.     Ans. 

{d)  47  X  12  =  564  lb., 
total  upward  pressure. 
Ans. 


(478)  (a)  See  Fig.  44. 
4  sin  53°  =  3.195',  nearly. 

20  -  3.195  =16.805'=dis- 
tance  of  center  of  gravity 
of  plate  below  the  surface. 

.03617  X  16.805  +  12  = 
12.60784  lb.  per  sq.  in.  =  per- 
pendicular pressure  against  the  plate 
area  of  plate. 


Pig.  44. 

5  X  8  =  40  sq. 


in. 


12.60784  X  40  =  504.314  lb.  =  perpendicular  pressure    on 
plate.     Ans. 

(^)  504.314  sin  53"  =  402.76  lb.  =  horizontal  pressure  on 
plate.     Ans. 

(c)  504.314   cos    53°  =  303.5    lb.  =  vertical    pressure    on 
plate.     Ans. 
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/A^^\        5'  X  .7854  r       •         •  r      .        TT    • 

(479)     ■ -^ =  area  of  pipe  in  square  feet.     Using 


formula  31, 

^        .  5^  X  .7854  ,    ^«       ,.    ,  .  r. 

{J  =  Av^  = — — X  7. 2  =  discharge  in  cu.  ft.  per  sec. 

5'  X  .7854       ^  ^      ^  .o       J-    u 

X  7.2  X  7.48  =  discharge  in  gal.  per  sec. 


144 

5'  X  .7854 


X  7.2  X  7.48  X  60  X  60  X  24  =  634,478  gal.  dis- 


144 
charged  in  one  day.     Ans. 

(480)  38,000  gallons  per  hour  ^^'^^^    gal.  per  sec.  =  Q, 

Using  formula  49, 

_  24.51  g_  24.51  X  38,000  _ 
^"•-       d'       -5.5^X60X60  ~^-^^'^^"-  P^"^^^""-     ^''^• 

(481)  Area  of  2— -in.    circle  =  4. 9087  sq.   in.;  area  of  a 

2-in.  circle  =  3.1416  sq.  in.  (4.9087  -  3.1416)  X  12  =  21.2052 
cu.  in.  of  brass. 

21.2052  X  .03617  =  .767  lb.  =  weight  of  an  equal  volume 
of  water. 

6  lb.  5  oz.  =G.3125  lb.  6.3125 -f- .767  =  8.23  Sp.  Gr.  of 
brass.     Ans. 

(482)  (d)  A  column  of  water  1  ft.  high  and  1  in.  square 
weighs  .434  lb.     .434  X  180  =  78.12  lb.  per  sq.  in.     Ans. 

(a)  Projected  area  of  1  foot  of  pipe  =  6  X  12  =  72  sq.  in. 
(See  Art.  985.)     72  X  78.12  =5,624.64  lb.,  nearly.     Ans. 

(483)  Use  formula  42. 


(a)  (2a  =  .41  ^4/2^  =  .41  X  II  X  /2  X  32.16  X  (^J  = 
38.44  cu.  ft.  per  sec.     Ans. 

(d)     Q  =  -^  =  ^1^  =  62. 5  cu.  ft.  per  sec.     Ans. 

(484)  (a)  Area  of  pipe  :  area  of  orifice  ::  6'  :  1.5';  or, 
area  of  pipe  is  16  times  as  large  as  area  of  orifice.  Hence, 
using  formula  35, 
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^      A*  (6' X. 7854)^ 

{b)  2.304X10=23.04  ft.  =  height  of  column  of  water 
which  will  give  a  pressure  of  10  lb.  per  sq.  in.  45  +  23.04 
=  68.04  ft. 

J 'I  X  32.16  X  68.04      ^^  __  .  . 

^  =  ^^       (1.5-X.78-54r=''''^^^-P^^^^^-     ^^'• 
(6^  X  .7854)* 

(485)  Use  formula  48. 

Q  =  .0408  d^v„,  =  .0408  x  6'  X  7.5  =  11.016  gal.   per 
sec.     Ans. 

(486)  14'  X  .7854  X  27  =  volume  of  cylinder  =  volume 
of  water  displaced. 

14'  X  .7854  X  27  X  .03617  =  150  lb.,  nearly,  =  weight  of 
water  displaced. 

(14"  —  13')  X  .7854  X  27  =  volume  of  the  cylinder  walls. 

13*  X  .7854  X  J  X  2  =  volume  of  the  cylinder  ends. 

.261  lb.  =  weight  of  a  cubic  inch  of  cast  iron,  then, 

[(14'  -  13")  X  .7854  X  27  +  13'  X  .7854  X  ^  X  2]  X  .261  = 

167  lb.,  nearly,  =  weight  of  cylinder.  Since  weight  of 
cylinder  is  greater  than  the  weight  of  the  water  displaced, 
it  will  sink.     Ans. 

(487)  2  lb.  —  1  lb.  5  oz.  =  11  oz.,  weight  of  water. 
1  lb.  15.34  oz.  —  1  lb.  5  oz.  =  10.34  oz.,  weight  of  oil. 
10.34  H-  11  =  .94  =  Sp.  Gr.  of  oil.     Ans. 

(488)  Head  =  41  ^  .434  =  94.47  ft.  Using  formula  36, 
t;=.98/2^//  =. 98^/2  X  32.16  X  94.47  =  76.39  ft.  per  sec.  Ans. 

This  is  not  the  mean  velocity,  v^. 

(489)  (a)  Use  formula  39. 

a  =  .815^4/27>i,  or 
1.5'  X  .7854 


Oa  =  .815  X  V//         X  '/2X  32.16X94.47  X  60  = 

144 

46.77  cu.  ft.  per  min.     Ans. 
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(d)  See  Art.  1005. 

The  theoretical  velocity  of  discharge  is  z/  =  |/2  g"  /i,  and  as 
/«  =  41  -^  .434  =  94.47  ft.,  we  have  v  =  4/3  X  32. IG  X  94.47 
=  77.95  ft.  per  sec. 

Using  formula  31,  Q=A  v,  and  multiplying  by  GO  to 
reduce  the  discharge  from  cu.  ft.  per  sec.  to  cu.  ft.  per  min., 
we  have 

^  x.^    A  .^ou-t  ^  ^^^^  X  60  =  57.39  cu.  ft.  per  min.     Ans. 
144 

<2a_  46.77  _  , 

^^^  "0  -57:39 -•^^^-     ^"^• 

(490)  {^)  Use  formulas  31  and  38. 

^  zzz  yi  z;  zz:  .//         X  77.95  =  .9566  cu.  ft.  per  sec.    Ans. 

144 

(«)   (2a= -615  g  =  .  615  X.  9566  =.5883  cu.  ft.  per  sec.   Ans. 

(2a  _ -5883  _ 
^^>  "^  -  79566 -•^^^'     ^'''• 

(491)  {a)  9  X  5  X  .7854  =  35.343  sq.  in.  =  area  of  base. 
2'  X  .7854  =  3.1416  sq.  in.  =  area  of  hole. 

^'   ^^^  =  TT^^r? ;  hence,  the  area  of  the  base  is  less  than  20 
35.o4o        11.25 

times  the  area  of  the  orifice,  and  formula  35  must  be  used. 


l-(9X6X.7854r  ^"""l^^ 

{b)  .434  X  6  =  2.604,  or  say  2.6  lb.  per  sq.  in.     Ans. 

(492)     6  X  4  X  .7854  =  18.85  sq.   in.  =  area    of   upper 
surface. 

15'  X  .7854  =  176.715  sq.  in.  =  area  of  base. 

132 

-3-—  X  176.715  =  1,237.5  lb.,  pressure  due  to  weight  on 

upper  surface. 
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.03617  X  24  X  176.715  =  153.4  lb.,  pressure  due  to  water 
in  vessel. 

1,237.5  +  153.4  =  1,390.9  lb.,  total  pressure.     Ans. 

(493)     Use  formula  31  or  32. 

Divide  by  60  X  60  to  get  the  discharge  in  gallons  per 
second,  and  by  7.48  to  get  the  discharge  in  cubic  feet  per 
second. 

.         .  ,  4*  X  .7854 

Area  in  sq.  ft.  = 


12,000  X  144 


"•      A       60  X  60  X  7.48  X  4*  X  .7854 


144 
=  5.106   ft.    per   sec. 


Ans. 


(494)     A  sketch  of  the  arrangement  is  shown  in  Fig.  45. 
100  lb. 


PIO.  45 


{a)  Area  of  pump  piston  =  /- j  x  .7854  =  .19635  sq.  in. 
iVrea  of  plunger  =  10*  X.7864  =  78.64  s<^.  iq, 
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100 


lb. 


Pressure  per  square  inch  exerted  by  piston  =  -777^0^ 
Hence,   according  to  Pascal's  law,   the  pressure  on  the 
plunger  is      l^^     X  78.54  =  40,000  lb.     Ans. 

•  J.  oOoO 

(d)  Velocity  ratio  =  1^  :   .00375  =  400  :   1.     Ans. 

(c)  According  to  the  principle  given  in  Art,  981,  Px 

1  —   inches  =  Wx  distance    moved   by   plunger,    or   100  X 
Z 

1— =  40,000  X  required  distance;    hence,  the  required  dis- 

tance  =   "^^^  ^^^^  =  .00375  in.     Ans. 
40, 000 

(495)  (a)  Use  formula  44,  and  multiply  by  7.48  and 
60  to  reduce  the  discharge  from  cu.  ft.  per  sec.  to  gal.  per 
min. 

Q,  =  Ald/2g[/J'  -  i/J;]  X  60X  7.48  = 


AIX12X  1/64.32     r  (9  +  T^)  -V^"      X  60X7.48  = 

^      ^  '  -"13,502  gal.     Ans. 

{f})     In  the  second  case, 


a  =  .41X^X4/64:32r|/(9  +  i|y-/iF'lx60x7.48  = 

13,333  gal.     Ans. 

(496)  {a)  Area  of  weir  =  14  X  20  -r-  144  sq.  ft.  Use 
formula  32,  and  divide  by  60  X  7.48  to  reduce  gal.  per  min. 
to  cu.  ft.  per  sec. 

Q  13,502X144  .-,^r^  a 

•z^m  =  -^  =  -777:. sttt; Ti ztt:  =  lo-47  ft.  per  sec.     Ans. 

A       60  X  7.48  X  14  X  20  ^ 

(497)  {a)     See  Art.  997. 

^F=2  lb.  8|oz.  =40.5oz. 
w  ■=  12     oz. 

W  =  1  lb.  11  oz.  =  27     oz. 
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By  formula  30, 

W-ic       40.5-12       28.5      ,  ^       . 

Sp.  Gr.  =-rJ77 =  -^ 7^  =  -^^^=1.9.     Ans. 

^  IV'—'w       27  —  12  lo 

(b)     15  oz.  =  ^Ib.  =  .9375  lb.     .9375-4-.03617=  25.92  cu. 

lo 

in.  =  volume  of  water  =  volume  of  slate.     Therefore,  the 
volume  of  the  slate  =  25. 92  cu.  in.     Ans. 

(498)  In  Art.  1019  it  is  stated  that  the  theoretical 

2     2      

mean  velocity  is  -^  'Igh.    Hence,  Z'„=-'/2  X  32.  IG  X  3  = 

o  o 

9.26  ft.  per  sec.     Ans. 

(499)  {a)  4  ft.  9  in.  =  4.75  ft.     19  -  4.75  =  14.25. 
Range  =  ^4  hy  —  4/4  x  4.75  X  14.25=  1G.454  ft.     Ans. 
(/^)  19-4.75=  14.25  ft.     Ans. 

(^)  19-^2  =  9.5.     Greatest    range  =  -/4  X  9.5'  =  19    ft. 
Ans.     (See  Art.  1009.) 

(500)  Use  formulas  46  and  50. 


V,  =  2.3IS1/A4  =  %-ZxW  J^^l^^  =  4.5397  ft.  per  sec 

From  the  table,  /=  .0230  for  v^=:4.  and  .0214  for  v^  =  6. 
.0230  -  .0214  =  .0016.     6-4  =  2. 

4.5397 -4  =  .5397.  Then,  2  :  .5397::.0016  :  jr,  or  -r  = 
.0004.     Hence,  .0230  -  .0004  =  .0226  =/for  v„  =  4.5397. 

e  =  60  X  60  X  .09445  X  6'  X  i/ -^^^^^-^±^L_-^= 

17,350  gal.  per  hr.     Ans. 

(501 )  Obtain  the  values  by  approximating  to  those  given 
in  Art.  1033.  Thus,  for  v„  =  2,  /=  .0265;  for  v^  =  3,/  = 
.0243;  .0265  -  .0243  =  .0022.  2.37  -  2  =  .37.  Hence,  1  :  37 
::  .0022  :  4-,  or  .r  =  .0008.  Then,  .0265  -  .0008  =  .0257  =/ 
for  v^=  2.37.     Ans. 

For  v^=z3,/=. 0243 ;  for  t;„  =  4, /  =  . 0230 ;  . 0243  -  . 0230 
=  .0013.  3.19 -3  =  .19.  Hence,  1  :  .19::  .0013  :  .r,  or  4  = 
0002.  Then,  .0243  -  .0002  =  .0241  =  /  for  v^  =  3. 19.     Ans. 
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For  t;„  =  4,/=.0230;  for  ^^  =  G,/=  .0214;  .0230 -.0214 
=  .0016.     5.8  —  4  =  1.8.   0  —  4=2.   Hence,  2  :  1.8 ::  .0016  : 
x,oTx  =  .0014.   Then,  .0230  —  .0014  =  .0216  =/for v^  =  5.8. 
Ans. 

Forz>^  =  6,/=  .0214;  for-6;,„=  8,/=  .0205;  .0214  -  .0205 
=  .0009.  7.4  -  6  =  1.4.  8-6  =  2.  Hence,  2  :  1.4  =.0009  :  x, 
ox  x=  .0006.  Then,  .0214  —  .0006  =  .0208  =/  for  v^  - 
7.4.     Ans. 

Forz/„,  =  8,/=.0205;  for  ^,„=  12,/=  .0193;  .0205  -  .0193 
=  .0012.  9.83-8  =  1.83.  12-8  =  4.  Hence,  4  :  1.83:: 
.0012:^',  or;ir  =  .0005.  Then,  .0205  —  .0005  =  .02  =/ for 
z/„=9.83.     Ans. 

For  v^  =  8,  /=  .0205;  for  v^  =  12,  /=  .0193;  .0205  - 
.0193  =  .0012.  11.5-8=3.5.  12-8  =  4.  Hence,  4  :  3.5 
::.0012  :  x,  or;ir=.0011.  .0205  —  .0011  =  .0194  = /for z^,„  = 
11.5.     Ans. 

(502)  Specific  gravity  of  sea-water  is  1.026.  Total  area 
of  cube  =  10.5'  X  6  =  661.5  sq.  in.  1  mile  =  5,280  ft.  Hence, 
total  pressure  on  the  cube  =  601. 5  X  5,280  X  3.5  X  .434  X 
1.026  =  5,443,383  lb.     Ans. 

(503)  19»  X  .7854  X  80  =  22,682  lb.     Ans. 
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(504)  The  force  with  which  a  confined  gas  presses 
against  the  walls  of  the  vessel  which  contains  it. 

(505)  (a)  4  X  12  X  .49  =  23.52  lb.  per  sq.  in.     Ans. 
{d)  23.52  -I-  14.7  =  1.6  atmospheres.     Ans. 

(506)  («)  A  column  of  water  1  foot  high  exerts  a  pres- 
sure of  .434  lb.  per  sq.  in.  Hence,  .434  X  19  =  8.246  lb.  per 
sq.  in.,  the  required  tension.  A  column  of  mercury  1  in.  high 
exerts  a  pressure  of  .49  lb.  per  sq.  in.  Hence,  8.246  -i-  .49  = 
16.828  in.  =  height  of  the  mercury  column.     Ans. 

{d)  Pressure  above  the  mercury  =  14.7  —  8.246  =  6.454 
lb.  per  sq.  in.     Ans. 

(507)  Using  formula  63,  /.  =^'  =  (^•^•'^><5x^  = 
'  ®  ' '       v^  2.0 

17.64  lb.     Ans. 

(508)  (<:)  Using  formula  61, 

J,     .37052  IV r      .37052X7.14X535      ^,  ,._         .^     . 

V= = TT^—rz =  64.188  cu.  ft.  Ans. 

/  22.05 

(7'=460*'  +  75*'=535^and/=  14.7  X  1.5  =  22.05  lb. 

per  sq.  in. ) 

{a)  7.14  -r-  .08  =  89.25  cu.  ft.,  the  original  volume.     Ans. 

{d)  If  1  cu.  ft.  weighs  .08  lb.,  1  lb.  contains  1 -;- .08  = 

12.5  cu.  ft.     Hence,  using  formula  60,  pV=  .37052  T,  or 

^  =  il2  =  ^^^S^  =  ^13.88r.       743.887-460  = 

283.887°.     Ans. 

Pur  nuticc  of  111).- Copyright,  see  page  immei!::  the  title  pag«. 
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(509)  Substituting  in  formula  59,  /  =  40,  /  =  120,  and 
/,  =  55, 

.^/4G0+55\       40X515       o-  ^-.r.  iu       a 

(510)  Using  formula  ei,pV=  .37052  W T,  or 
^  =   o£>^  ^-      T  =  460°  +  60°  =  520°. 

Therefore,  W^    .,3^-!  ^  L^  =  -076296  lb.     Ans. 
.370o2  X  520 

(511)  175,000^  144  =  pounds  per  sq.  in. 

(175,000  ^  144)-=-  14.7  =  82.672  =  atmospheres. 

Ans. 

(5 1 2)  Extending  formula  63  to  include  3  gases,  we  have 

PVz:^p^v^^p^v^^p^v^,  or  40x/'=  1  Xl2-f  2x10 -f  3x8. 

'56 
Hence,  P=  ^  =  1.4  atmos.  ==  1.4  X  14.7  =  20.58  lb.   per 
40 

sq.  in,     Ans. 

(513)  In  the  last  example,  /*F=56.     In  the  present 

case,   P  — -—--   atmos.      Therefore,    F  = -7^  =  — -r- =  35. 79 
14.7  i"        23 

cu.  ft.     Ans.  1X7 

(514)  For  /  =  280°,   r=740°;  for  ^  =  77°,  7=537° 
pV^  .37052  WT,orW=^  37^05^  T"     (Formula  61.) 

w  •   v,^     fu   ^     •         14.7X10,000       .o«-,Qiu 
Weight  of  hot  air  =  ^37052  x  740  "^  ' 

TP-    •     U^       f       •       ^-        1  A  14.7X10,000  ^oQ    01    lU 

Weight  of  air  displaced  =  — -—^  —  738.81  lb. 

.olyjoi  X  Oo < 

738. 81  -  536.13  =  202. 68.      202. 68  -  100  =  102. 68  lb.      Ans. 

(515)  According  to  formula  64, 

PF=(^+^)r,or 
„-^   ,  „,       /U.?  X  13  ,   30  X  18\  ^      ,.,„„o^ 
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20  y  SI 
Therefore,  r= —-f^—— =  439.35°.     Since    this    is    less 
1.41110o 

than  460°,  the  temperature  is  460  —  439.35  =  20.65°  below 

zero,  or  —  20.65°.     Ans. 

(516)  A  hollow  space  from  which  all  air  or  other  gas 
(or  gaseous  vapor)  has  been  removed.  An  example  would 
be  the  space  above  the  mercury  in  a  barometer. 

(5 1 7)  One  inch  of  mercury  corresponds  to  a  pressure  of 
.49  lb.  per  sq.  in. 

1  .  49 

—  inch  of  mercury  corresponds  to  a  pressure  of  '-—  lb.  per 

49 
sq.  in,     '—  X  144  =  1.764  lb.  per  sq.  ft.     Ans. 

(518)  {a)  325  X.  14  =  45. 5  lb.  =  force  necessary  to 
overcome  the  friction.  6  X  12  =  72'  =  length  of  cylinder. 
72  —  40  =  32  =  distance  which  the  piston  must  move.  Since 
the  area  of  the  cylinder  remains  the  same,  any  variation  in 
the  volume  will  be  proportional  to  the  variation  in  the 
length   between   the   head   and   piston.     By   formula    53, 

pv=/>^  v^.     Therefore,  /  =  Ai^  =  ^^'l^  ^^  =  8. l|  lb.    per 

sq.  in.  =  pressure  when  piston  is  at  the  end  of  the  cylinder. 

Since  there  is  the  atmospheric  pressure  of  14.7  lb.  on  one 

2 
side  of  the  piston  and  only  8.1 -lb.  on    the   other  side,  the 

o 

force  required  to  pull  it  out  of  the  cylinder  is  14.7  —  8.1-  = 

o 

6.5-  lb.  per  sq.  in.     Area  of  piston  =  40*  X  .7854  =  1,256.64 

sq.  in.     Total  force  =  1,256.64  X  6.5^  =  8,210.05.     Adding 

o 

the  friction,  8,210.05  +  45.5  =  8,255.55  lb.     Ans. 

(3)     Proceeding  likewise  in  the  second  case,  pv—p^  v^,  or 
p  i>       14  7  X  40 
/>  =^  =  ^—^ =  98  lb.    98  -  14.7  =  83.3  lb.  per  sq.  in. 

1,266.64  X  83.3  +  45.5  =  104,723.612  lb.     Ans. 


V 
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(519)  8.47  =  original  volume  =  v^.  8. 47  -  4. 5  =  3. 97 
cu.  ft.  =  new  volume  =  v.     By  formula  53, 

^       pv      3.97X38      ,^010  lu  •         A 

p^z=z<^=i  — — — —  =  17.812  lb.  per  sq.  m.     Ans. 
^ '       v^  8. 47  x-        n 

(520)  Original  weight  =  W  =  .5  lb.  =8  oz. ;  new  weight 
=  JK,  =  1  lb.  6  oz.  =  22  oz.     According  to  formula  56, 

^  rr/       y.   R/        V,        ^^^.       14.7X22         ..   ._    ,, 

/  ^^,  =/.  ^^,  or/,  =  —^  = =  40.425    lb.     per 

sq.  in.     Ans. 

(521)  Applying  formula  58, 
/4G0+;'\       4,51G/4G0  +  80\  -^^         ,,       . 

(522)  According  to  formula  61,/  F  =  . 37052  W  T,  or 
„,  /F  14.7X1.25X55       ,^^^1,        A 
^=:S7^=     .37052X548     ^  ^-^^^  ^^^     A"^' 

(523)  Using  formula  63,  PV  =  pv  +/,  z/„  or  P  x  7. 5 
=  14.7  X  2  X  7.5  +  40  X  7.5,  or  P=  69.4  1b.  persq.  in.   Ans. 

(524)  48",  30',  and  24"  =  4',  3',  and  2',  respectively. 
Hence,  4  X  3  X  2  =  24  cu.  ft.  =  the  volume  of  the  block. 
The  block  will  weigh  as  much  more  in  a  vacuum  as  the 
weight  of  the  air  it  displaces.  In  example  510,  it  was  found 
that  1  cu.  ft.  of  air  at  a  temperature  of  60°  weighed 
.076296  lb.     .076296  X  24  +  1,200  =  1,201.83  lb.     Ans. 

(525)  {a)  (See  Art.  1088.)     127  +  16  =  143. 
(A)'  X. 7854X1X125X62. 5X143  _ 

-  33;^00  -14.9563  H.F. 

14. 9563  -^  .  75  =  19. 942  H.  P.     Ans. 
iji)  Discharge  in  gallons  per  hour  =  volume  of  cylinder 
in  cu.   ft.  X  number  of   strokes  per  minute  X  7.48  X  60  = 

(^)  ^  ""^^^^  ^  "^^^  X  7.48  X  60  =  24,784.3  gal.  per  hr.    Ans. 

(526)  In  this  example,  the  number  of  times  that  the 

pump  delivers  water  in  1  minute  is  100  -=-  2  =  50;  in  the  last 

example,  125.       Hence,  the    number  of  gallons  discharged 

50 
per  hour  in  this  case  will  be  24,786  X  r-5-r  =  9, 914. 4  gal.  Ans. 

i./v5 
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(527)  See  Art.  1043. 

30 23 

Pressure  in  condenser  =  —  X  14.7  =  3.43  lb.  per  sq. 

in.     Ans. 

(528)  144  X  14.7  =  2,116.8  lb.  per  sq.  ft.     Ans. 

(529)  .27 -r- 3  =  .09  =  weight  of  leu.  ft.  Using  formula 
56, 

p  W^  =/,  W,  or  30  W^  =  05  X  .09.    TF,  =  .195  lb.    Ans. 

(530)  Using  formula  61, 

/  F=  .37052  W  r,  or  30  X  1  =  .37053  X  .09  X  T. 

qO 

T  = — =  899. 6°.     899. 6°  -  4G0°  =  439. 6°.     Ans. 

.  37052  X.  09 

(531 )  4G0°+  32°  =  492° ;  4G0°+  212°  =  672° ;  460°+62° 
=  522°,  and  460°  -\-  (  -  40°)  =  420°. 

(532)  Using  formula   61,/    F=. 37052    IV  T,    and 

substituting, 

14  7x  10x4 
(14.7X10)X4=.37052X3.5X  r,  or   ^  = -^ff^^^xS^  ^ 

453.417°.     453.417-460°= -6.583°.     Ans. 

(533)  Using  formula  63,  V  P=v  p -\-v^p^,  we  find 

^^15X03+10X147X3.=  71.310  lb.     Ans. 
25 

(534)  Using  formula   60,  /K=. 37052   T,   ox  P  - 

.37052X540      „^ ,,  .  ,         a 
— r =  20  lb.  per  sq.  m.,  nearly.     Ans. 

(535)  One  inch  of  mercury  represents  a  pressure  of 
.49  lb.  Therefore,  the  height  of  the  mercury  column  is 
12.5  4-.49  =  25.51  in.     Ans. 

(536)  Thirty  inches  of  mercury  corresponds  to  34  ft. 
of  water.     (See  Art.  1043.)     Therefore, 

30'  :  34  ft. ::  27'  :  ^  ft.,  or  ^  =  30.6  ft.    Ans. 
A  more  accurate  way  is  (27  X  .49)  -r-  .434  =  30.5  ft. 
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(537)  (a)  30  —  17.5  =  12.5  in.  =  original  tension  of  gas 
in  inches  of  mercury.  30  —  5  =  25  in.  =  new  tension  in 
inches  of  mercury. 

V P-vp^v^p^  (formula  63),  or  6. 7  X 25  =  6. 7 X  12.5+z;, X  30. 

6.7X25-6.7X12.5       .  ^-  1  ,^       . 

v^  = — =  2.79  -  cu.  ft.     Ans. 

{]))  To  produce  a  vacuum  of  0  inches, 

6.7X30-6.7X12.5       _  _ ._          .^       . 
v^  = — =  3.908  cu.  ft.     Ans. 

(538)  11  +  25  =  36,  final  volume  of  gas.     2.4  -4-  36  = 

r-r  lb.     Ans. 
15 

(539)  Using  formula  59, 

^/460  +  /A       ,^       /460  +  300\       ,„  ^,  ,, 
^'  =^(460T7)  =  ''  ^  (46OT60)  =  ^^'^^  ^^-  P^'*  '"^-l^^ 

(540)  r=  460 +  212  =  672°.  Using  formula  61,/ F  = 
.37052  WT,  we  have  14.7  X  1  =  .37052  X  J^X  672,  ov  W - 

14.7 


.37052  X  672 


-=.059039  lb.     Ans. 


/ar^^N     t\      20'X. 7854x32       ^  o-i^vo  c.  1 

(541)     \a)     -— — =5.8178  cu.  ft.  =  volume 

1,  < /CO 

of  cylinder. 

32  —  26  =  6  in.,  length  of  stroke  unfinished. 

5.8178  X  ^  =  1.0908  cu.  ft.     Ans. 
o'l 

(3)     By  formula  61,  taking  the  values  of  /,  F,  and  T  at 
the  beginning  of  stroke, 

^ir       Q7nrco    uz-r  ur  P^  14.7x5.8178 

•    /^= -37052    WT^    or     ^-:3^5^-, 3^052X535  = 
.43143  lb.     Ans. 

{c)     Now,   substituting  in  formula  61    the  values  of   F, 
W^  and  T  at  time  of  discharge, 


,37052  WT      .37052  X  .43143  X  585 
V 
sq.  in.     Ans. 


f='- V ='■ 1.0908'      =^^-™  ">•   P" 
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(542)  Using  formula  63,  VP=  vp+t\p,,  or  30  X  35 

.r.  .  -.     ,     ^.    .  ..  30  X   35  -  19  X   12  on  .  4   lU 

=  19  X  32  +  21/,,  or/,  = — =  39.14  lb.  per 

sq.  in.     Ans. 

(543)  Use  formula  64.     PV^  U^  j^lip\T. 

7'=  460 +  72  =  532. 
13  X  45   .   17  X  60> 


(- 


532 


Therefore,  P  =  ^-^ ^^  ' =  26.723  lb.  per 

60  .  , 

sq.  m.    Ans. 

(544)  See  Art.  1043.  Since  the  barometer  column 
stands  at  30  inches  for  a  perfect  vacuum,  the  height  when 
the  air  is  admitted  will  be  30'  —  4^'  =  25^'.      Ans. 

(545)  Sp.  Gr.  of  alcohol  =.8.    Therefore,16x.434x.8= 

pressure  exerted  by  the  column  of  alcohol.     '—— —  = 

11.337  in.  =  height  of  a  column  of  mercury  that  will  give 
the  same  pressure  as  16  ft.  of  alcohol  =  number  of  inches 
shown  by  the  gauge.     Ans. 

(546)  {a)  14.7  +  9  =  23.7  lb.  per  sq.  in.  Using 
formula  53, 

pv      14.7X80      ^„^.  . 

'"«=7:^~^3x-=''-''^"-  = 

distance  between  piston  and  end  of  stroke.  Since  the  area 
of  the  piston  remains  constant,  the  volume  at  any  point  of 
the  stroke  is  proportional  to  the  distance  passed  over  by  the 
piston.  Hence,  we  may  use  the  latter  for  the  former  in  the 
formula.     80  —  49.62  =  30.38  in.     Ans. 

{b)  Area  of  piston  =  80*  x  .7854.  The  volume  of  air  at 
point  of  discharge  is  80'  X  .7854  X  49.62  cu.  in.  = 

80*  X  .7854  X  49.62       ,,,.,  .         . 

,  -,,^^ =  144.34  cu.  ft.     Ans. 

1,728 

(547)  Using  formula  56,/>  fF,=/,  PK,  or  3.5X  14  7X2= 
/,  X  13;  hence,  /,  =  ^^'^  X  3.5  X  2  ^  ^  g^^,^  ^^   ^^  ^^   -^^ 

^^  An&. 
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(548)     60"  -  50'  =  10'.     Since  the  volumes  are  proper 
tional  to  the  lengths  of  the  spaces  between  the  piston  and 
the  end  of  the  stroke,  we  may  apply  formula  62, 
pV _p,  V,  .       14.7  X  60  _    /,  X  10 


T  r,    '        460  +  60       460  +  130' 

mi-       r         .       14.7X60X590      ,^^  ^«,^ 

Therefore,  /,  = -— — =  100. 07  lb.  per  sq.  m.  Ans. 

O/iO  X  10 

(549)  T  =  127°  +  460°  =  587°.     Using   formula   60, 
pV=  .37052  r,  or  j/^ -37052  X  587  ^  g^^^  ^^  ^^^     ^^^_ 

(550)  r=  100° +  460°  =  560°. 
Substituting  in  formula  61,/  F=  .37052  W  T,  or 

„      .37052  W  T      .37052  X  .5  X  560 


4,000 
144 


=  3.735  cu.  ft.     Ans. 


(551)  Use  formula  64.     PV={^+^\t. 

r=  110°  +  460°  =  570°;  7,  =  100°  +  460°  =  560°;  T,  = 
130°  +  460°  =  590°. 

Therefore,  V=  ^-^^ ^J-^^    ' =  67.248  cu.  ft. 

Ans. 

(552)  The  pressure  exerted  by  squeezing  the  bulb  may 
be  found  from  formula  53,  in  which  /  is  14.7,  v,  the  orig- 
inal volume  =  20  cu.  in.,  and  v^,  the  new  volume,  =  5  cu.  in. 

^       pv      14.7  X  20       ^^  ^   .,         „,  ,        ^       . 

p^'=- —  =  - — — = =  58.8   lb.       The   pressure  due    to  the 

atmosphere  must  be  deducted,  since  there  is  an  equal  pres- 
sure on  the  outside  which  balances  it.  58.8  —  14.7=44.1 
lb,  per  sq.  in.  =  pressure  due  to  squeezing  the  bulb. 
3'X  .7854=  7.0686  sq.  in.  =  area  of  bottom.  7-0686  X  44.1  = 
311.725  lb.  7.0686  X  .434=  3.068  lb.  =  pressure  due  to 
weight  of  water.     311.725  +  3.068  =  314.793  lb.     Ans. 

(553)  Use  formula  58. 

2^/460  + /A       V460+115\      ,^         .         . 

v,=    I — '^1=41 ■ 1=  4.6  cu.  ft.     Ans. 

^'        \460  +  ^/        ^460  + 40/      *•","•  ^"='' 


HEAT. 

(QUESTIONS  554-6ia) 

(554)  9  hr.  25  min.  =  565  min. 

55  -T-  2  =  27.0  min.  =  time  it  would  take  to  heat  1  lb.  of 
the  substance  to  this  temperature  under  the  same  conditions. 
27.5  -7-  665  =  .04867  =  specific  heat  of  the  substance.     Ans. 

(555)  Increase  in  diameter  =  4.001  —  3.9985  =  .0025'. 
C^  —  .00000599,    from     Table    19.     Hence,    using    formula 

®^'  *^TCr  3.9985  xTo000599  =  ^^^•^°'  ""^'^y*     '^^^°' 
104.4  +  80  =  184.4°,  nearly.     Ans. 

(556)  {a)  Substituting  in  formula  72  W=  360,  /,  — 
/  =  104.4,  and  s  =  .1165;  n=W  {t^—  t)  s  =  360  X  104.4 
X  .1165  =  4,378.536  B.  T.  U. 

Since  12^  of  the  total  heat  is  lost  by  radiation,  the  above 
number  of  B.  T.  U.  must  be  the  number  remaining  after 
subtracting  the  heat  units  lost  by  radiation  from  the  total 
number;  or  it  is  100  —  12  =  88j^  of  the  total  number. 
Hence,  dividing  by  .88  we  obtain  4,378.536  -r-  .88  =  4,975.6 
B.  T.  U.,  total  heat  required.     Ans. 

{b)     4,975.6  X  778  =  3,871,017  ft. -lb.     Ans. 

(557)  (rt)  80*  X  .7854  =  5,026.56  sq.  in.  =  area  of 
piston. 

P  "*■'  =Px  ^,.  At  the  beginning  of  the  stroke/  =  14.7,  and 
the  volume  may  be  represented  by  the  length  of  the  cylinder, 
80  in. ;  at  the  point  of  discharge/,  is  120,  therefore,  80  X  14.7 
=  120  X  V,  or  V  =  'd.%  in.,  the  portion  of  the  stroke  uncom- 
pleted at  discharge. 

5,026.56  X  9.8       __  ^^„         .  .  c    -    ^-    ^ 

' f72ft ~  28.607  cu.  ft.,  volume  of  air  discharged. 

Ads. 

For  notice  of  copyright,  see  pag^  immediately  folluwint;  the  title  paKc. 
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{b)     By  formula  80,  L  =  331. 5744/  Flog  ^  =  331. 5744  X 

P 

120 
L20  X  28.507  log  — -  =  331.5744  X  120  X  28.507  X  .91186  = 

1,034,289  ft. -lb.     Ans. 

(558)     {a)   Volume  of  cylinder  =  area  of  piston  x  length 

,    ^     ,         5,026.56      80      ^„^  ^,         ,^  , 

of  stroke  =    '     , , —  x  tt;  =  232.71  cu.  ft.,  nearly. 
144  12 


From  formula  81,/.^.**"  =A<'".  or  ^»  =  *"|/A^j — . 

Pt 

Substituting  for  />,  and  v^  their  values  at  the  beginning 

of  the  stroke,  and  for/,  its  value  at  discharge,  we  have 


1.4l/ 


14.7  X  232.71'- 


120 

log  14.7  4- 1.41  log  232.71  -  log  120 
log  V,  =  -^ ^ ^ ,  or 

1.16732  +  1.41x2.36682-2.07918      ,  ^„^,, 
log  V,  = ^ j-^ =  1.72011. 

v^  =  52.494  cu.  ft.,  the  volume  discharged.     Ans. 
(^)     To  find  the  work,  use  formula  84, 

L  =  351.36/  fTi  -  (■^)  n  = 

351.36  X  14.7  X  232.71  X  [l  -  (||^)""]. 
ll^j      =  .41  (log  232.71  -  log  52.494)  = 

1.8414. 

1  —  1.8414  =  —  .8414,  the  minus  sign  indicating  that  the 
work  done  by  the  air  is  negative;  that  is,  that  work  is  done 
upon  the  air  instead  of  by  it,  or  that  the  air  is  compressed, 

L  =  351.36  X  14.7  X  232.71  X  .8414=  1,011,317  ft. -lb. 

Ans. 
(659)     See  Arts.  1090  and  1 135, 
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(560)  Using  formula  65, 

(a)     //  =  f  X  2,917  +  32  =  5,282. 0°  F.     Ans. 
{d)     //  ^  f  X  637  +  32  =  1,178.6  F.     Ans. 
(c)     f^=tx{-  260)  +  32  =  -  436°  F.     Ans. 

(561)  See  Table  21,  Art.  1134,  and  Table  22,  Art. 
1141. 

_  50  —  (  —37.8)  X  12  X  .0333  =  4.875  =  units  of  heat 
necessary  to  raise  the  temperature  to  the  fusion  point. 
5.09  X  12  =  61.08  B.  T.  U.  required  to  melt  the  mercury. 
[662  -  (  -  37.8)  ]  X  .0333  X  12  =  279.64  B.  T.  U.  required 
to  raise  the  temperature  to  the  point  of  vaporization. 
157  X  12  =  1,884  B.  T.  U.  required  for  vaporizing  it. 
4,875  +  61.08+279.64+1,884  =  2,229.595  B.  T.  U.     Ans. 

(562)  Using  formula  71,/  F=  WR  T,  or 

W=4^=^ll'i''\=.023llb.     Ans. 
KT      5.34946  X  o40 

(563)  See  Tables  21  and  22  for  specific  heat  and  tem- 
perature of  fusion  of  copper.  7  lb.  5  oz.  =  7.3125  lb. 
2,100°  -  78°  =  2,022°.  2,022  X  7.3125  X  .0951  =  1,406.13 
B.  T.  U.     Ans. 

(564)  By  formula  73,  /  -       ^^^^^  j,^^  ^^  ^  ^^^^       - 

2.25  X. 0314  X  40 +  4  X  65  +  1.75  X  .1298  X  62  ^  o    ^^^ 

2.25  X  .0314  + 4 +  1.75  X  .1298  *       ' 

(565)  Use  formulas  69, 67,  and  68.  {a)  v=VC^t  = 
4  X  4  X  20  X  1,200  X  .00002058  =  7.903  cu.  in.     Ans. 

{b)     l  =  LCj  =  20X  1,200  X .00000686  =  .16464 in.  Ans. 

{c)     a  =  AC,t  =  iX'iX  1,200  X  .00001372  =  .2634 sq.  in. 

Ans. 

(566)  Using  formula  71, 

J>y=WRT,orT=^  =  ^^1^  =  1.107.45'. 

1,167.45°  -  460°  =  707.45°.     Ans. 

(567)  See  Art.  1124. 
.1/.  L\    VI.    J ; 


212 


HEAT. 


(568)  By  formula  73,  t  =  ^'i^'^  ^^^^^ ^^'^ ''  >  or 

(1  X  .1298  +  3.25  X  1  +  1-5  X  .0951)  128  -  3.25  X  85  -  1.5  X  -0951  X  85  _ 

lX.1298  "" 

1,252°.     Ans. 

(569)  Draw  the  lines  O  X  znd  O  Y  (Fig.  46)  perpen- 
dicular to  each  other.  On  O  X  take  any  convenient  dis- 
tance, say  \  inch,  to  represent  one  unit  of  volume  (1  cu.  ft.), 
and  onO  Y  take  a  distance  of  say  3  inches  to  represent  the 
required  pressure  of  84  pounds.     Our  scale  of  pressure  is, 


1 JO  N  M 

2-         — H        Voluiniea. 


K 


Fig.  46. 


then,  28  pounds  to  the  inch.     The  ordinates  are  now  erected 
^s  shown  in  Art.  X  1 66.     Thus,  at  A  the  volume  is  1^  aqd 
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the  pressure  84  pounds;  hence,  /  z^  =  84.     But/  ^^  =/,  ^,  = 

84  S4 

/,  v^,  etc.,=  84;  hence,  /,  =  — ,  A  =  —y  ^^c-     When  z'  =  1, 

/  =  ^=84=(2A 

When  z/  =  2,  /  =  ^  =  42  =  yV^. 

84 
When  z/  =  3,  /  =  ^  =  28  =  J/C 

84. 
When  z/  =  4,  /  =  ^  =  21  =  Z  Z>. 

84 
When  v=5,p  =  ^=  1G.8  =  ^^. 

84. 

When  v=(j,p  =  ^-^=U=GF. 

A  curve  through  A,  B,  C,  D,  E,  and  F  will  be  the  one 
required. 

(570)  Divide  the  space  Q  G  into  10  equal  parts,  as  shown 
in  the  figure,  and  draw  the  ordinate  at  the  middle  of  each 
space.  The  average  ordinate  will  be  found  to  be  29. 95  lb.  The 
volume  represented  by  the  length  Q  G  \s  5  cu.  ft.  Hence, 
the  work  is  29.95  X  5  X  144  =  21,564  foot-pounds.     Ans. 

Calculating  the  work  by  formula  79,, 

Z  =  331.5744/ F  log -^; 

L  =  331.5744  X  84  X  1  X  log  ^  =  21,673  ft. -lb.     Ans. 

(571 )  (a)  460  -f  96  =  556°  F.  {d)  273^  -f  32  =  305^°  C. 
(c)  273^  -f  180  =  453i°  C.  (d)  460  -f  650  =  1,110°  F.  {e) 
273i  -  40  =  233i°  C. 

(572)  32°-  20°=  12°.     12  X  7  X  .504  =  42.336  B.  T.  U. 

required  to  heat  the  ice  to  32°.     142.65  X  7  =998.55  B.  T.  U. 

required  to  melt  the  ice.     212°—  32°=  180°.     180  X  7  Xl  = 

1,260  B.    T.     U.     required     to     heat    the    water  to  212°. 

966.6  X  7  =  6,766.2  B.    T.   U.   required  to  change  7  lb.  of 

water  at  212°  into  steam  at  212°.     42.336  -f  998.55  -f  1,260  + 

6,766.2  =  9,067.086  B.  T.  U. 

9,067.086  X  778       ,  „^,  ,  . 

43X33,000     =^-^^^  horsepower.     Ans. 
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(573)  Using  formula  84,  and  substituting  the  values 
of/  and  Fat  beginning  of  compression,  we  have 

L  =  351. 36  /  F  fl  -  (^\  '"1  = 

351.3G  X  14.7  X  l[l-  (^)  "]• 

Log  (-^)'   =log4-''  =  .41  log  4  =.41  X  .60206  =  .34684. 
The  number  whose  logarithm  is  .24684  is  1.7654. 

Therefore,  ^-^y   =1.7654.      1  -  ^^V   =  1  -  1.7654  = 

—  .7654,  the  minus  sign  indicating  that  the  air  is  compressed. 
Hence,  L  =  351.36  X  14.7  X  .7654  =  3,953.28  ft.-lb.     Ans. 

(574)  On  account  of  the  great  irregularity  in  outline 
of  this  figure,  a  division  into  ten  parts  will  not  give  a  suffi- 
ciently close  approximation  to  the  mean  ordinate;  hence,  it 
is  divided  into  20  equal  parts,  as  shown  by  the  full  lines. 


i 

i 

1 

Fig.  47. 


(See  Fig.  47.)  The  dotted  lines,  situated  midway  between 
the  full  lines,  represent  the  ordinates  which  are  to  be  meas- 
ured. The  sum  of  all  the  dotted  lines,  divided  by  the  num- 
ber of  divisions,  gives  .9365'  for  the  mean  ordinate.     Draw 
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the  line  C  D  parallel  \.o  A  B  at  a.  distance  from  A  B  equal 
to  .9365',  and  where  it  cuts  the  curve  will  be  the  points 
from  which  to  draw  the  mean  ordinate,  as  C  E. 

(575)  Prolong  A  B  in  both  directions  as  shown  in 
Fig.  48.  Draw  the  tangents  //  t,  /  A,  e  d,  and  c  b,  perpen- 
dicular to  A  B.  Since  the  outline  f  A  g  '\%  very  nearly 
triangular,  and  is  quite  small  compared  with  the  rest  of  the 
figure,    consider    it    a   triangle,    and    draw    in   n   half   way 


FIG.  48. 

between  A  and  g.  Consider  m  n  as  the  mean  ordinate. 
Then,  A  g  X  fn  «  =  .34X.28  =  .0952  sq.  in.  In  a  similar 
manner,  area  of  a  d e  =  .17  X  .4:=  .OGS  sq.  in.  Dividing 
A  f  e  d  into  8  equal  parts,  and  drawing  the  ordinates  at  the 
middle  points  of  these  divisions  (for  convenience  the  full 
lines,  similar  to  those  in  the  last  figure,  have  been  omitted, 
and  the  ordinates  at  the  middle  points  only  have  been 
drawn),  the  mean  ordinate  is  found  to  be  1.228'.  The 
length^  d=  1.31';  hence,  x\x&Zi  oi  A  f  e  d  —  1.31  X  1.228  = 
1.  G087  sq.  in.     Dividing  a  c  b  into  8  equal  parts,  the  mean 
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ordinate  is  found  to  be  .154;  the  length  a  c  h  l.di;  hence, 
area  a  c  d  =  1.34=  X  .154  =  .2064  sq.  in.  Dividing  k  ^  i  into 
5  equal  parts,  the  mean  ordinate  is  found  to  be  .82";  the 
length  k  ^is  1.07";  hence,  area  >^  ^  /  =  1.07  X  .82  =  .8774 
sq.  in.  Dividing  h  i  b  c  into  10  equal  parts,  the  mean  ordi- 
nate is  found  to  be  1.925";  its  length  h  ^=3.21";  hence, 
area  hib  c  —  Z.llX  1.925  =  6.179  sq.  in. 

1.6087  +  6.179  =  7.7877  sq  in.  =  area  h  i  b  c  defA  h. 

.0952  +  .068  +  .2064  +  .8774  =  1.247  sq.  in. 

7.7877 -1.247  =  6.5407  sq.  in.  =  required  area ^/ ^«  ^/^. 

Ans. 

(576)    Using  formula  73..  =  »%^iM|l£^. 
For  water,  .f,  =  1 ;  therefore,  Wj-\-(W^s^-\-  W^s^  t'=  W^  /, 

Substituting  the  given  values  for  W  and  t  and  the  values  of 
s^,  i-j,  etc.,  from  Table  21,  we  have 

„^  _  4X. 426  X80+.5X. 0939  X  73-75. 61(4X. 426+. 5  X  .0939) 
'~  75.61-73 

7.35802 


2.61 


=  2.819  lb.     Ans. 


(577)  See  Arts.    1138,  1139,  1131,  1132,  and 
1162. 

/x^o\  ir       ^^'        120X1,200'         ... 

(578)  ^=  -27-  =     2X32.16     =  ^^^"'^"  ^""^^^   ^" 

foot-pounds. 

/c       A   .    ^M-^  ^     120X1,200'       ^^       1  •     .. 

(See  Art.  967.)       o  ^  qo  i  ?^  X  .15  =  kmetic  energy  ex- 

pended  in  heat.     Now,  dividing  by  778  to  reduce  the  foot- 

P°""<'=  ""'■''■''■'  7x^Z''x^78  =  Sl"7«  B.T. U.    Ans. 

(579)  See  Art.  1126. 

(680)     Using  formula  73,  t  =  ^^^/''^.^h'/'^'^m/''''^'- 
(Since  s^,  the  specific  heat  of  water,  is  1,  it  may  be  left  out.) 
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Transposing, 

IV^jf,  -/)  +  Wts^jt^  -  /)  _  1.875(91-86)+1.25x.0562x(91-86)_ 
■^'~  IVvit-t,)  5(86-40) 

.0423.     Ans. 

(See  example,  Art.  1137.) 

(581)  r,^  400" +  450°  =  910";  7,  =  460*"  +  70°  =  530°. 

^^  .               T,-T,       910-530        ,^  „^.       . 
Efficiency  =  —~ — -  = ^pr^j =  41. 76^.     Ans. 

(582)  Use  formula  71,/''^  "'.^r.  r=4G0°  +  200 
=  660°;  and  R,  from  Table  5   .  4946;  therefore,  IK= 

(583)  (See  Arts.  1091  to  1098.) 

{a)     C  :  i?  =  100  :  80,  or  C  =  ^R  =  ^R. 

oO  4 

Hence,  44  x  j  =  oo^  C.     Ans. 

{b)    F:R  =  1S0:S0,otF=^R  =  jR. 

oO  4 

Hence,  44  X  |-  +  32  =  131°  F.     Ans. 

(584)  By  formula  81,Ax/,'"=A^.'"-  The  volume 
of  1  lb.  of  air  at  atmospheric  pressure,  and  having  a  tem- 
perature of  60°,  is-———-  =  13.107  cu.  ft.  (See  ques- 
^  '        ,076296 

tion  510.) 

Substituting  in  the  above  formula,  14.7x13.107'"  = 
•235  x  '','•",  or 


14.7  X  13.107'-" 


V,  =   y    ""'  ^  "1"'" —  =  1.8356  cu.  ft.     Ans. 
'  23o 

From  formula  7 1 ,  remembering  that  IV  =  1,  we  have/  V 
=  RT,  or  7-  =  ^=  ^5i|^i^^=  1,164.2°.  1,164.2=- 
460°  =  704.2°.     Ans. 

(585)     (See  Arts.  1 107,  1054,  and  1 099.) 
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(586)  {a)     Cubical   contents   of   cylinder  =  (10'  -  9i') 

810  4S 
X  .7854  X  72  =  810.48  cu.  in.  =  ^    ',^^  cu.  ft.     Specific  grav- 

1,7*0 

ity  of  copper  is  8.79.     Then,  the  weight  of  the  cylinder  is 

'       X  62.5  X  8.79  —  259.58  lb.     Specific  heat  of  copper, 
1, 728 

from  Table  21,  is  .0951.      Substituting  the  values  of  n,  IV, 

and  s,   in  formula  72,  w=  W{t^  —  t)  s,  we  have  7,000  = 

2M.68  (/,  _  /)  X  .0951,  or  /.-  /  =  ,,,J^'^^,,,  =  283.66- 

increase  of  temperature. 

By  formula  67,  I  =  L  C^  f  =  72  X  .00000955  X  283.56  = 
.195  in.     Ans. 

{d)  By  formula  69,  v  =  V  C,  t  =  816.48  X  .00002864  X 
283.56  =  6.63  cu.  in.     Ans. 

(c)  By  formula  67,  l=L  C^t=  10  x  .00000955  X  283.56 
=  .027  in.     Ans. 

(587)  From  Table  19,  the  coefficient  of  expansion  for 
gases  is  .00203252.     Substituting  in  formula  70, 

^  ri  +  C,  (^.  -  32)1         ^  ri  + ■00203252(390-32)1 
»       Ll  +  <^3  (^,  -  32) J       '       L  1  +  .00203252(05  -  32)  J 
12  =  19.428  cu.  ft.     19.428  -  12  =  7.428  cu.  ft.     Ans. 

The  same  answer  may  be  obtained  by  using  formula  58. 

(588)  Foot-pounds  per  minute  =  75  X  2  X  20  X  2  X  .18. 

Foot-pounds  per  hour  =  75  X  2  X  2  X  20  X  .18  X  60. 

TT     ^        -^            u             75  X  2X  2X20X.18X  60       ._  _^ 
Heat  units  per  hour  = — =  83.29 

B.  T.  U.     Ans. 

(589)  (a)     Using    formula   S7,  T  =  T(y\     =  610  X 

^^y    =-130.76°.     Ans. 

{d)     Substituting   in   formula  71,  the  initial   values   of 

TT7    z.    -7^        ^  rr           u.   ■     .       WRT      . 5 X. 37052X610 
fr,  R,  J,  and  K,  we  obtam  /  =  — p —  = j. = 

125.505  lb.  per  sq.  in.,  the  initial  pressure.     Ans. 
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(c)  Using  formula  86, 

/T\i^i^  /329.24\  "ir. 

A  =/  (y-j         =  125.565  X  (^^)        =  15.06  lb. 

per  sq.  in. 
Ans. 

(590)  12'  X  .5236  =  904.78  cu.  in.  =  volume  of  sphere. 

904  78 
Sp.  Gr.   of  zinc  =6.86;    therefore,        ^        X  62.5  X  6.86  = 

1,  i  "Za 

224.5  lb.  =  weight  of  sphere.     (See  example  586.)     Using 

formula73,.=  ^t^;-^-+^/.-^-^-^^^^f  +  ^-^^-^^-^^^^><-" 
JF,.r,  +  ll^s,  8  +  224.5  X  .0956 

=  108. 49°.     108. 49°  -  70°  =  38. 49°  =  increase  in  temperature 

of  the  zinc  sphere  after  dipping  in  the  boiling  water. 

Using    formula   69,   v  =  V Cj  =  904.78  X. 00004903  X 

38.49  =  1.71  cu.  in.,  nearly.     Ans. 

(591)  By  formula  67,  l=L  C^  t.  fT,  =  . 00000599 ; 
Z  =  900  X  12;  /  =  90°  -  28°;  therefore,  1  =  900  X  12 
X  .00000599  X  (90  -  28)  =  4.01  in.     Ans. 

(592)  According  to  formula  72,  n=  ]V{t^  —  t)s,   or 
_          n         _   ^  5 

^  -  IV {t^  _  /)  -  TF  ~  26  "=  ••^^^^'    '^''^• 

(593)  See  Art.  1161. 

(594)  {a)  Temperature  of  vaporization  of  sulphur,  from 
Table  22,  is  228.3°. 

Specific  heat  of  sulphur,  from  Table  21,  is  .2026. 

Latent  heat  of  fusion  of  sulphur,  from  Table  22,  is  13.26. 

228.3  -  40  =  188.3.  13  X  .2026  X  188.3  =  495.94454 
B.  T.  U.  to  raise  sulphur  to  melting  point.  13.26  X  13 
=  172.38  B.  T.  U.  to  melt  the  sulphur.  (495.94454 
f  172.38)  X  778  X  519,956.5  ft. -lb.,  total  work  required  to 
perform  both  of  the  above  operations.     Ans. 

...      519,956.5         ,  ^^^^  ^ 

^^^  10  X  33,000  =  ^-^^^^^  horsepower.     Ans. 

(595)  124X  3  =  372  B.  T.  U.,  heat  given  up  by  the 
turpentine  in  changing  from  gas  to  liquid.  75  X  4  =  3(X) 
B.   T.  U.,  heat  contained  in  the  water.      300  +  372  =  672 
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B.  T.  U.,  heat  contained  in  the  mixture  at  the  instant  the 
turpentine  has  become  Hquid.  672  -^  4  =  168°  =  tempera- 
ture of  water  at  the  instant  that  the  turpentine  has  become 
a  liquid. 


Applying  formula  73,  i  = 


IV,s,+  IKs, 


.3  X.4a6x  313  +  168x4 ^  ^^^,  j.^pe.ature.    Ans. 

3  X  .426  +  4  ' 

(596)  Specific  heat  of  melted  lead,  from  Table  21,=  .0402. 
Specific  heat  of  solid  lead,  from  Table  21,  =  .0314. 
Temperature  of  fusion  of  lead,  from  Table  22,  =  626°. 
Latent  heat  of  fusion  of  lead,  from  Table  22,  =  9.67. 

626°  -  46°  =  580°.  800°  -  626°  =  174°. 
25  X  .0314  X  580  =  455.3  B.  T.  U.,  heat  required  to  raise 
the  lead  to  mehing  point.  9.67x25  =  241.75  B.  T.  U., 
heat  required  to  melt  the  lead.  25  X  .0402  X  174=  174.87 
B.  T.  U.,  heat  required  to  raise  the  temperature  of  the 
melted  lead  from  fusion  point  to  800°.  455.3  +  241.75 
+  174.87  =  871.92  B.  T.  U.,  total  heat  required.  871.92 
X  778  =  678,353.76  ft. -lb.     Ans. 

(597)  32°- 10°=  22°.  22  X  10  X  .504=  110.88  B.  T.  U., 
heat  required  to  raise  ice  from  10°  to  32°.  Latent  heat  of 
fusion  of  ice,  from  Table  22,  is  142.65;  then  142.65  X  10 
=  1,426.5  B.  T.  U.,  heat  units  to  melt  the  ice.  1,426.5 
+  110.88  =  1,537.38  B.  T.  U.,  total  heat  units  to  be  taken 
from  the  mixture  to  melt  the  ice.  Hence,  applying  formula 
73, 

H^i .?!  /i  +  JV,  s,  A  +  Wsi3+  IV*  t,  +  W^  s,  /,  -  1,537.38 

11.5  X  .1298  X  180+42  X  .0939  X  240-f  10  X  32  +  50  X  120  +  20  X  -0314  X  80  -  1,637.38 
11.5X  .1298  +  42  X  .0939  +  10  +  50  +  20  X  .0314 
=  91.55°.  Ans. 

(598)  W  A'^.'-"  =  A  ".'•"■  or  A  =  '^°o^.r"  =  13.215 

Area  =  ^''''j/'"'  =  1^0X3-13.215X10  ^  ^^3^^^^ 
.41  .41 

508.69  -H  20  =  25.434  sq.  in.     Ans. 
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(5)     25.434-4-13  =  1.9565.     Ans, 

{c)     1.9565  X  20  =  39.13  lb.  per  sq.  in.     Ans. 

5 

(599)  Use  formula  66,  /<.  =  (//  -  32)  -. 

(a)     /,  =  (  -  10  -  32)  X  I  =  -  23F  C.     Ans. 
{d)     4  =  (25  -  32)  X  I  =  -  3|°  C.     Ans. 

{c)     /,  =  (2,200  -  32)  X  I  =  l,204i°  C.     Ans. 

(600)  This  must  be  answered  by  the  student. 

(601)  Using  formula  80,Z  =  331.5744/^  log  ^  = 

331.5744  X  15  X  10  X  log  ?^  =  37,467.74  ft. -lb.     Ans. 

lo 

(602)  520  H.  P.  =  520  x  33,000  ft.-lb.    per   minute  = 
520  X  33,000  X  60  ft.-lb.  per  hour  = 

520  X  33,000  X  60  ^  ^  ^   ^  1,323,393.31  B.  T.  U.     Ans. 

778 

(603)  Let    /    =  the  required  latent  heat; 

[F,  =  given  weight  of  zinc; 
IV ^  =  given  weight  of  water; 
jr,    =  specific  heat  of  zinc ; 
s^    =  specific  heat  of  water  (  =  1); 
/,    =  temperature  of  melting  zinc; 
/,    =  temperature  of  water. 
Then,  the  total  heat  of  the  mixture  is  ^^,5, /, -}-  ^f^,^,/,  + 
W^  /,  and  from  formula  73,  the  temperature 

.-IfifJjdiEA+ILI  or 

102i(4  X  .0956  -f  10)  -  4  X  .0956  X  680  -  10  X  60      ^^  ., 
— — i =  oO.ol. 

Ans. 

(604)  See  Arts.  1 1 1 7  and  1 1 20. 

(606)     (a)  and  (d)     See  Art.  1118. 
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(c)  A  non-conductor  is  one  which  will  not  conduct  heat. 
There  really  is  no  such  substance,  but  some  substances  are 
such  bad  conductors  that  they  are  termed  non-conductors. 

(606)  When  answering  this  question,  consult  Art.  1 1 23. 

(607)  In  Art.  1130  it  is  stated  that  1  calorie  =  3.96 
B.  T.  U.  Hence,  («)  798  B.  T.  U.  =  798 -^  3.96  =  201.515 
calories.     Ans. 

(d)  40  X  3.96  =  158.4  B.  T.  U.     Ans. 

(608)  {a)  First  calculate  the  weight  by  formula  71. 
„,      pV         18X7.68  oo.  IK  1 

^=  in^  =  .33552  X  500  =  '^^^  ^^^  '''^'^^^ 
Units  of   heat  required  =  s„   IV  {T^-  T)  =  s„  W{t^  -  t) 
=  .15507  X  .824  X  (416  -  40)  =  48.0444  B.  T.  U. 
Therefore,  48.0444  X  778  =  37,379  ft. -lb.,  nearly.     Ans. 

{b)     .21751  X  .824(416-40)  X  778  =  52,429  ft. -lb.,  nearly. 

Ans. 

(609)  See  Arts.  1 1 44  to  1 1 47. 

(61 0)  See  Arts.  1155  and  1164. 

(61 1 )  Using  formula  87, 

T=  ^(y-)*'  =  ^Mty)*'^  839.64°=  380°,  nearly,  above 
0°  F.     Ans. 

(612)  (See  Arts.  1149  and  1177.) 

(613)  Use  formula  81,/t;'-"  =p^v^-'\ 

14.7  X  48*-'' =A  X  (48  -  38)'-",  or 

(JQ\    1.41 
r^j       =  134.24  lb.  per  sq.  in.     Ans. 

Now,  using  formula  86, 

T^  =  5Q0(    .tt  j         =  951°,  nearly,  =  491°  above  0°  F. 

Ans. 
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(QUESTIONS  614-688.) 


(614)  See  Arts.  1191  and  1192. 

(615)  See  Arts.  1 1 89  to  1 1 95. 

(616)  See  Arts.  1198  to  1201. 

(617)  Log /  =  0.1007 -?^8-««^  =  6.1007- 

2,719.78  400,215  ,  „„„o,      „  ^       ^„  nc   tu 

^SO  +  im  -  (290  +  460)-  =  '■^'^^-     "^'"=«'  ^  =  *^-«^   '"• 

per  sq.  in.     Ans. 

(618)  Using  formula  91 , 

/f=  1,081.94 +  305  /  =  1,081.94  +  .305X  318=  1,178.93 
B.  T.  U.     Ans. 

(619)  See  Arts.  1217  and  1218. 

(620)  Using  formula  92, 

.    \l      A.^  «      475      475 

/>  v^"  =  475,  or  v^  =  -—  =  —p. 
jf         ox 

Hence, 

{i\ogv  =  log  475  -  log  81  =  2.676G9  -  1.90849  =  .76820 

log  V  =  .7G820  X  j^  =  .72301. 

V  =  5.284G  cu.  ft.  =  volume  of  one  poun<] 
5.2846  X  6  =  31.7076  cu.  ft.     Ans. 

(621)  Using  formula  92, 

^   ij       .«.        ^      475      475 
/t.«  =  475,or/  =  ^  =  -^. 

For  notice  of  copyriRht,  see  page  iinincdiati'- '■   "    .  :u  tun.- pii^v. 
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Hence,  log/  =  log  475  -  ^  log  7  =  1.77877. 
p  =  CO.  086  lb.  per  sq.  in.     Ans. 

(622)  (a)  Looking  in  the  table  of  Properties  of  Sat- 
urated Steam,  it  is  found  that  tor  a  temperature  of  320.094° 
the  pressure  is  90  pounds,  and  for  the  next  lower  pressure  of 
the  table,  88  pounds,  the  temperature  is  318.510°.  Hence, 
the  difference  in  temperature  for  a  difference  of  one  pound 
in  pressure  is 

320.094- 318.510  _ 

2  --7^2. 

320.094°  -  320°  =.094°  =  actual  difference. 

Then  1  lb.  :  .792°::-ir  lb.  :  .094,  or  .^=.12  lb.,  nearly  = 
difference  in  pressure  between  320°  and  320.094°. 
90  —  .12  =  89.88  lb.  per  sq.  in.,  absolute  pressure. 
89.88  —  14.7  =  75.18  lb.  per  sq.  in.,  gauge  pressure.    Ans. 

(d)     110    lb.     gauge    pressure  =  110  +  14.7  =  124.7    lb., 
absolute. 

Temperature  corresponding  to  125  lb.  =  344.136°. 

Temperature  corresponding  to  120  lb.  =  341.058°. 

Difference,  per  pound  difference  in  pressure  = 

344.130°- 341.058°        ,,,o 

;: =:  .016    . 

0 

125  —  124.7  =  .3  lb.,  difference  in  pressure;  .616  X.3 
=  .185°. 

344.136  -  .185  =  343.951°.     Ans. 

{c)     70  lb. ,  gauge  pressure,  =  70  +  14. 7  =  84. 7  lb. ,  absolute. 
Heat  of  liquid  for  84  lb.  =  285.414  B.  T.  U. 
Heat  of  liquid  for  80  lb.  =  287.096  B.  T.  U. 

r^-rr  1        287.096 -285.4U         ^^i  t^  o^  tt 

Difference  per  pound  = =  .  841  B.  T.  U. 

2 

.841  X  .7  =  .589.     285.414  +  .589  =  286.003.     B.  T.  U. 

Ans. 
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Total  heat  at  86  lb.  =  1,178.592  B.  T.  U. 

Total  heat  at  84  lb.  =  1,178.091  B.  T.  U. 

^.„                              J       1,178.592-1,178.091       o-tj  o^  tt 
Difference  per  pound  = — =.Zo  a.  i .  L . 

.25  X  .7  =  .175.     1,178.091  +  .175  =  1,178.266  B.  T.  U. 

Ans. 

(d)     Latent  heat  per  pound  at  06  lb.  pressure  =  904.443 

B.  T.  U. 

Latent  heat  per  pound  at  68  lb.  pressure  =  903.02 

B.  T.  U. 

r^-rr                                 j       904.443  —  903.02  „,.    r*    o^    tt 

Difference  per  pound  = =  .71/i  rJ.  1.  U. 

2 

904.443  —  .712  =  903.731  B.  T.  U.,  latent  heat  per  pound  at 
67  lb.  pressure. 

903.731  X  3  =  2,711.193  B.  T.  IT.     Ans. 

(623)  {<2)  The  isothermal  of  saturated  steam  is  a 
straight  line  parallel  to  the  axis  of  volumes. 

{l>)     The  equilateral  hyperbola. 

(624)  From  the  table  of  the  Properties  of  Saturated 
Steam,  the  weight  of  one  cubic  foot  of  steam  at  a  pressure 
of  44  lb.  is  .106345  lb.,  and  at  a  pressure  of  42  lb.  it  is 
.101794  lb. 

T^ar  1       .106345  —  .101794         ^-.^p.,,  » 

Difference  per  pound  = : —  =  .002276  lb. 

2 

The  weight  of  a  cubic  foot  at  43  lb.  pressure  is 

.101794  +  .002276  =  .10407  lb. 

Weight  of  38  cu.  ft.  =  .10407  X  38  =  3.95466  lb.     Ans. 

(625)  See  Arts.  1214  and  1215. 

(626)  SeeArt.  1206. 

To  raise  1  pound  of  water  from  55"  to  140**  requires 
140  —  65  =  85  B.  T.  U.     Then,  to  raise  300  pounds  of  water 
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through  the  same  range  of  temperature  requires  85  X  300 
=  25,500  B.  T.  U. 

GO  pounds  gauge  pressure  =  GO  +  14. 7  =  74. 7  pounds, 
absolute. 

Total  heat  of  1  pound  of  steam  at  74  pounds  pressure 
=  1,175.431  B.  T.  U. 

Total  heat  of  1  pound  of  steam  at  7G  pounds  pressure,, 
=  1,175.985  B.  T.  U. 

^.rc                                ,                         1,175.985-1,175.431 
Diiierence  per  pound  pressure  = — = 

.277  B.  T.  U. 

.277  X  .7  =  .194.  1,175.431  +  .194  =  1,175.G25  B.  T.  U., 
total  heat  of  1  pound  of  steam  at  an  absolute  pressure  of 
74.7  pounds  per  sq.  in. 

The  total  heat  (above  32^)  of  a  pound  of  water  at  140°  is 
140  -  32  =  108  B.  T.  U. 

Hence,  each  pound  of  steam  on  being  mixed  with  water 
lowers  in  temperature  to  140°,  and  in  so  doing  gives  up 
1,175.625  -  108  =  1,0G7.G25  B.  T.  U. 

The  required  amount  of  steam  is 
25,500 


1,067.625 


=  23.885  lb.     Ans. 


(627)  The  temperature  256°  does  not  appear  in  the 
table  of  the  Properties  of  Saturated  Steam.  The  next 
lower  temperature  is  found  to  be  254.002°;  and  the  next 
higher,  257.523°.  The  difference  is  257. 523  -  254.002  =  3.521°. 
The  difference  between  the  lower  temperature  and  256°  is 
256  —  254.002  =  1.998°.  The  volume  of  a  pound  of  steam 
at  the  lower  temperature  is  12.  G8  cu.  ft.  ;  and  at  the  higher 
temperature,  11.98  cu.  ft.  The  difference  is  12.68  —  11.98 
=  .7  cu.  ft. 

The  difference  between  the  volume  at  the  lower 
temperature  and  the  volume  at  256°  may  now  be  found  by 
proportion 

3.621  :  1.998  ::  .7  ;  ^,  or  ;ir  =  . 397. 
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Hence,  the  required  volume  of  one  pound  of  steam  at 
256°  is 

12. 68  -  .  397  =  12. 283  cu.  ft.     Ans. 

12.283  X  4-  =  53.226  cu.  ft.     Ans. 

O 

(628)  See  Art.  1192.  Specific  heat  of  superheated 
steam  is  .48.  Hence,  to  raise  1  pound  of  superheated  steam 
from  310°  to  342°  requires 

.48  X  (342  -  310)  =  15.36  B.  T.  U. 
To  raise  6  pounds  through  the  same  range  of  temperature 
requires 

15.36  X  6  =  9r^.l6  B.  T.  U.     Ans. 

(629)  W     log  ;»=  0.1007-?^-*^ 

=  0.1007      ^■'""'        "•^•^'^ 


254+460      (254  +  460)'' 
=  1.50643. 
/  =  32.094  lb.  per  sq.  in.     Ans. 
From  the  tables,  /  =  32  lb.  per  sq.  in.  for  a  temperature 
of  254°. 

/Ml         J.        r^  .r.r.r,         2,719.78  400,215 

(^)     log/  =  6.1007-  3^^^-p^^  -  ^3^^  ^  ^^^^.  =  2.27999. 

or  /  =  190.54  lb.  per  sq.  in.     Ans. 
From  the  tables,/  =  189.212    lb.  per  sq.  in.  for  a  tem- 
perature of  377°. 

(630)  See  Arts.  1220  and  1221. 

(631)  {a)  H=  1,081.94  +  .305  t.      From    the    table, 

t=  385.759°. 
Hence,  //=  1,081.94 +.305  X  385.759  =  1,199.596 

B.  T.  U.     Ans. 
From  the  tables,  //"=  1,199.597. 

{b)  /  =  88;  /=  318.51°. 

Hence,  //=  1,081.94+  .305  X  318.51  =  1,179.086 

B.  T.  U.     Ans. 
From  the  tables.  //■=  1,179.086. 

u.  /;.    M.    1.; 
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(.)    /  =  37;  /  =  260.883  +  ^^>4. 003  -  200.883  ^  ^^^^^^^.^ 

/r=  1,081. 94+. 305X262. 488=  1,161.999  B.T.U. 
Ans. 


(632) 


From  the  tables,  H=  1,161.999. 
See  Art.  1293. 


(633)  See  Fig.  49.  The  lines  O  X  and  O  Y  are  drawn  at 
right  angles.  The  scale  of  volumes  chosen  is  20  cu.  ft.  to  the 
inch,  and  the  scale  of  pressures  20  lb.  to  the  inch.     The  vol- 


Scale  of  Pressures   lin.=20lb.. 
"  Volumes      1  in,=20cu.ft , 


\^— 10.28^ 
K 13A8^ 

f 25.85 ^  I 

l 52,89 


t:;i: 


61.14— 


72.56- 


FiG.  49. 


limes  corresponding  to  50,  40,  30  lb. ,  etc. ,  are  found  from  the 
steam  table,  and  laid  off  along  O  X.  The  pressures  are  then 
laid  off  vertically,  as  shown,  forming  the  required  curve  A  B. 


(^34)     See  Art.  \ZZA, 
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(635)  (a)  See  Arts.  1252  to  1254. 

3 
(d)     Clearance  /  =  .07 ;  apparent  cut-off  ^^  =  -  =  .375. 

Then,  by  formula  97,  the  real  cut-off  = 

,  =  h±i  =  Jl^±^  =  -^^  =  .UG.     Ans. 
l-\-z  l-f.07  1.07 

By  formula  96,  ratio  of  expansion,  e=  t  =  -ttj-  =  2.4. 

Ans. 

/^««x     ^    r  ,    ^-^    /       ^,  +  i      .625 +  .06       .685 

(636)  By  formula  97,  i  =  ff;  =     i  4J00     =  LOe' 

Byformula96,.  =  |  =  -^  =  H«  =  l.o«. 

1.06 
By  formula  99,  M.  E.  P.  =  -^^d +J-3  log  ^)  _  .9^. 

/»=  60 -f  14.7  =  74.7  lb. ; /  =  17  lb. 

Then,  M.  E.  P.  =  ■"  X  '*■'  "  +  y  '°«  '■"^'  -  .9  X  17  ~ 

1.547 

47.1  lb.  per  sq.  in.     Ans. 

(637)  (a)  Using  formula  98, 
^PLAN^A7.l  X  11  X  11'  X  .7854  X  210  X2_ 

■     ■"    33,000  33,000 

85.45  H.  P.     Ans. 

(d)     85.45  X  .83  =  70.92  actual  H.  P.     Ans. 
(f)     85.45  —70.92  =  14.53  friction  H.  P.     Ans. 

(638)  See  Arts.  1 232,  1 236, 1 244,  and  1 245. 

(639)  (a)     See  Arts.  1262  and  1276. 

(b)     The  three  principal  uses  are  the  following: 

1.  To  find  the  I.  H.  P.  of  the  engine. 

2.  To  detect  defects  in  valve  setting,  and  to  serve 

as  a  guide  in  setting  the  valves. 

3.  To   determine,  appro.ximately,    the   steam   con- 

sumption of  the  engine. 
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(640)  (a)     Work  per  stroke  per  sq.  in.  of  piston  = 

n 

3.47  X  =^  X  40  =  09.4  ft. -lb. 

Area  of  piston  =  IG'  X  .7854  =  201.0624  sq.  in. 

Then,  total  work  per  stroke  =  69.4  X  201.0624  =  13,953.73 
ft. -lb.      Ans. 

(d)     120  rev.  per  min.  =  120  X  2  =  240  strokes  per  min. 

rvu        u    T3        13,953.73  X  240      ^^^  ^^        . 
Then,  H.  P.  = —— =  101.48.     Ans. 

(641)  Admission,  cut-off,  release,  and  compression  are 
all  too  late,  and  the  back  pressure  is  excessive.  Admission, 
release,  and  compression  may  be  made  earlier  by  increasing 
the  angular  advance ;  cut-off  may  be  made  earlier  by  adding 
lap  to  the  valve ;  the  back  pressure  can  be  reduced  only  by 
reducing  the  resistance  to  the  passage  of  the  exhaust  steam ; 
that  is,  by  enlarging  the  exhaust  port  or  the  exhaust  pipe, 
or  both. 

(642)  Assuming   a   mechanical   efficiency  of   80^,  the 

120 
I.  H.  P.  of  the  engine  must  be  -— —  =  150, 

.  80 

The  probable  M.  E.  P.  may  be  found  from  formula  99. 

M.E.P.=:i^<l+^--ii2££)-.9/  = 

.9  X  84.7(1  +  2.3  log  4)        .      o       .«  r.- lu 
^-^ — ^  —  .9  X  3  =  42.75  lb.  per  sq.  m. 

Assume  550  feet  per  minute  as  a  fair  piston  speed.     We 

have,    then,    P=  42.75,    and    LN=  piston    speed  =  550. 

PL  A  N 
Substituting,  in  formula  98,  I.  H.  P.  =  — ,  150  = 

42.75  X  550  X^  .       150x33,000       ^,.  _  .          . 

— ,  or  y^  = -— -— ^—--  =  210.52  sq.  m.,  the 

33,000  '  42.75  X  550  ^        * 


/210  52 
area  of  the  piston.  The  diameter  is,  consequently,  y  ■      V .  = 

16^",  nearly.     Assuming  the  stroke  to  be  42  in.,  the  num- 
ber of  revolutions,  from  formula  lOO,  is 
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;e  =  ^  =  i4|^  =  78.57. 

This  is  a  fair  number  of  revolutions  for  a  Corliss  engine. 
Hence,  an  engine  16^'  X  42',  making  78^  rev.  per  min.,  will 
do  the  required  work. 

(643)  {a)  60  pounds,  gauge  pressure,  =  60  +  14.7  = 
74.7  lb.,  absolute;  2  lb.  above  atmosphere  =  2  +  14.7  = 
16.7  lb.,  absolute. 

Temperature  of  steam  at  74.7  lb.  pressure  is,  from  the 
table  of  the  Properties  of  Saturated  Steam, 

306.526  +  (30a3«-m^^   „  ^  ^^  ^^^, 

Temperature  of  steam  at  16.7  is 
216.347  +  (219.452  -  216.347)  .7  =  218.521°.     Then, 

r,  =  307.162°  -h  460°  =  767.162° 
and  T;  =  218. 521°  +  460°  =  678. 521°. 

„,  ,      „  .  T^-  T         767.162  -  678.521 

Thermal   efficiency  =  — 5__^ — »  —  — ^ == 

^  r,  767.162 

.1155  =  11.555^.     Ans. 

{b)  In  this  case,  the  absolute  pressure  of  the  entering 
steam  is  90+  14.7  =  104.7  pounds  per  sq.  in.,  and  the  pres- 
sure of  the  exhaust  steam  3  pounds  per  sq.  in.,  absolute. 

The  temperature  corresponding  to  the  former  pressure  is 
from  the  table  =  331.169  -  /331169  -  327.625\^  ^  330.956°. 

The  temperature  corresponding  to  the  latter  pressure  is 
141.654°.  Hence,  T,  is  330.956°  + 460°  =  790.956°,  and  7; 
is  141.654°  +  460°  =  601.654°. 

Thermal  efficiency  =  ^^^-^^L"  ^^^'^^^  =  .2393  =  23.93;^ 


790.956 
(644)     (a)  Using  formula  100, 


Ans. 


,       6  5      6  X  540      .,  .,       . 

^  =  x  =  -i5or  =  ^^-^-   ^"^ 

/A\    r>      ^^      6X900       ,.^  .  . 

{0)  K  =  -J-  =  — —  =  180  rev.  per  mm.     Ans. 
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(645)     The  M.  E.  P.  is  found  as  shown  in  Fig.  50. 

The   middle   ordinates   are  drawn  as   explained  in   Art. 
1159. 

These  ordinates  are  measured  and  multiplied  by  the  scale 
of  the  spring,  which  reduces  them  from  inches  to  pounds. 


Fig.  50. 


In  the  figure  the  sum  of  the  20  ordinates  is  707.2  pounds. 

The  mean  ordinate,  or,  what  is  the  same  thing,  the  M.  E.  P., 

707  2 
is,  therefore,         '     =  35.36  lb.      Draw  the  vacuum  line  at  a 

liO 

14  7 
distance   of  —t-— =  .3075"  below  the  atmospheric  line  MN. 
40 

Choose  the  point  A  near  the  point  of  release,  and  draw  A  B 

parallel  to  M  N.     The  height  B  C  of  this  line  above  the 

3" 
vacuum  line  is  —  ;  therefore,  the  absolute  pressure  at  A  or 

3 

-^  is  -  X  40  =  30  pounds.     The  length  AB  =  l=  2.84',  and 

the  length  of  the  diagram  L  is  3.6".     The  weight  of  a  cu  ft 
of  steam  at  30  pounds  pressure,  absolute,  is  .074201  lb. 
Substituting  these  values  in  formula  lOl, 
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_  13,750  /  IV _  13,750  X  2.84  X  .074201  __ 
~        PL        ~  35.3»i  X  3.6 

22.76  lb.  per  I.  H.  P.  per  hour.  Ans. 


(646)  [a)     See  Arts.  1293  and  1294. 
{h)     See  Arts.  1314  and  1315. 

(647)  Area  of  high-pressure  cylinder=19'x  .7854  sq.in. 
Area  of  low-pressure  cylinder=:32'  X  .7854=804.25  sq.  in. 
Ratio  of  area  of  high-pressure  cylinder  to  area  of  low- 

,.   J  19'  X  .7854       19'        361 

pressure  cylinder  =  3.^.  ^    y^gj-  =  33.  =  -^1^^ 

M.  E.  P.  of  high-pressure  cylinder  reduced  to  low-pressure 

cylinder  =  52  X  =  18.332  lb.  per  sq.  in. 

Total  M.  E.  P.  reduced  to  low-pressure  cylinder  = 
18  +  18.332  =  36.332  lb.  per  sq.  in. 

[a)     Substituting  now  in  formula  98, 

_^PZ^4A^_  36^332xf|X  804.25  X120X  2  __-^  -_ 

^'  ^'  ^'  -     33,000 33:000  -531  37. 

Ans. 

{d)  Since  the  stroke  is  the  same  for  each  cylinder,  the 
ratio  of  the  work  done  by  the  two  cylinders  is  proportional 
to  the  ratio  of  the  two  M.  E.  P.  's  reduced  to  the  low-pres- 
sure cylinder.  Hence,  the  ratio  of  the  work  done  in  the  high- 
pressure  cylinder  to  that  done  in  the  low-pressure  cylinder 
is  18.332: 18  =  1.0184.     Ans. 

(648)  (^)  See  Art.  1276. 

(6)  1.  Decrease  the  angfular  advance. 

2.  Increase  the  angular  advance. 

3.  Lower  the  boiler  pressure  or  decrease  the 

number  of  revolutions. 

4.  Raise  the  boiler  pressure  or  increase  the 

number  of  revolutions. 


Ui 
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(649)     (a)  The  points  desired  are  shown  in  Fig.  51.     To 
locate  the  point  of  cut-off, prolong  the  steam  and  expansion 

1— T-=>=^-7J 


Fig.  51. 

lines  till  they  intersect,  as  at  1.     From  J  drop  the  perpen- 
dicular 1  a,  and  a  will  be  the  point  of  cut-off. 

The  point  of  release  may  be  located  by  prolonging  the  ex- 
pansion curve,  and  noting  the  point  where  the  actual  curve 
departs  from  it,  as  shown  at  d.  The  point  of  compression 
c  is  easily  located. 

(d)  The  M.  E.  P.  of  the  two  diagrams  are  found  as  shown 
in  the  figure.  The  length  of  each  diagram  is  divided  into  20 
equal  parts,  and  ordinates  are  erected  at  the  middle  points  of 
the  divisions.  The  lengths  of  these  ordinates  multiplied  by 
the  scale  of  the  spring  used,  in  this  case,  1"  =  30  lb.,  added 
together  and  divided  by  20  gives  the  required  M.  E.  P.     The 
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M.  E.  P.  of  diagram  A  is  found  to  be  30.75  lb.  per  sq.  in., 
and  the  .M.  E.  P.  of  diagram  B  is  found  to  be  44. 6  lb.  per 
sq.  in.     Ans. 

(650)  Using  formula  106, 

5  =  .0944  IF=  .0944  X  675  X  26^  =  1,688.58  sq.  ft.     Ans 

(651 )  Area  of  piston  =  .7854  X  30'  =  706.86  sq.  in.     The 
piston  speed  is,  from  formula  lOO,  Ci=—^  = —  = 

640  ft.  per  min. ;  hence,  the  velocity  of  the  crank-pin  (  =  t\) 

.     640  X  3.1416      ^  ...  -   -  .  1,005.3      _  ^_  ,^ 

is =  1,00d.3  ft.  per  mm.  =  -^—— —  =  16.7oo  ft. 

2  oO 

per  sec.     The  ratio  n  between  the  radius  of  the  fly-wheel  and 

length  of  crank  is  —  =  5.    Substituting  now  in  formula  107, 

...       A  Hg        706.86  X  88  X  32.16      ,^  „^^  ^^  ,,         . 

W—    ■  ,.  ,..,  =— t;; -. "-r^TTTr- =14,251.92  lb.     Ans. 

li"  h  I  ^  o'  X  -jV  X  16.755' 

(652)  {a)     Use  formula  98. 

T  ^-  ^      PLAN         ,     33,000  1.  H.  P.      33, OCWx  1,200 
I.  H.  P.=  ^.^  ^^^^  ,or^=-  -      '  — 


33,000'  PLN  42X^1X70X2 

1,924.2  sq.  in.,  area  of  low-pressure  piston.      Diameter  of 

,  ,.    ,  ./ 1,924.2       ,^1'       . 

low-pressure  cylinder  =  y     \^         =  49—  .     Ans. 

.  i 854  2 

{d)  Since  the  stroke  is  the  same  for  both  cylinders,  their 
volumes  are  proportional  to  the  areas  of  their  pistons. 
IIciK  c,  Tising  formula  103, 

V  area  of  low-pressure  piston         E  e ,  •   , 
—  = ,,  .   ,    —. =  x-=-T,  or  area  cf  high-pres 

V  area  of  hieh-pressure  piston      2.72 


area  of  high-pressure  piston 

2.72  X  1,924.2      ., 
piston  = — ^ =  9. 

The  corresponding  diameter  is 


2.72  X  1,924.2      .„  . 
sure  piston  = — ^ =  951.6  sq.  in. 


/^ 


951.6       -.13'  .J'        . 

34-^,  or  say  34-  .     Ans. 


.7854  16  '        — ^  "*8 

Using  formula  104, 

V^  _  area  of  low-pressure  piston  _    jj^  __   /?  e 
V  ~  area  of  high-pressure  piston  ~  ~ 
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1  024  2 
Hence,  area  of  high-pressure  piston  =  '' — 1  =  820. 48  sq.  in. 

i/5.5 


The  corresponding  diameter  is  32—,  say  32^  .     Ans. 

(653)  [a)     By  formula  102,  £  =  ^,  or  r  =  ^;  but, 

by  formula  103,-^  =  ^,  or   ^  =  2.72—.     Substituting 

V    V 
this   value   of   E  in    102,  we   have,  ^  =  2.72—  ^  =  2.72. 

Hence,  the  real  cut-off  -- -  ■——  =  .368.     Ans. 

{b)     From  formula  104,  —  =  V^,  or  -p  =  --^. 

Substituting  this  value  of  -^  in  formula  102,  above, 
^  =  -^  =  VT  =  4/5:5  =  2. 345. 

Real  cut-off  =  -  =  --^,  =  .426.     Ans. 

(654)  See  Art.  1330. 

(655)  The  construction  is  shown  in  Fig.  52.  It  is  pre- 
cisely similar  to  the  construction  shown  in  Art.  1313,  and 
need  not  be  further  described. 

(656)  The  total  heat  of  steam  at  4-  pounds  pressure  is, 
from  the  steam  tables, 

1.128.041  +  1,131.403  ^  ^  ^^^  ^^.^  ^  ^  „. 

Now,  using  formula  105, 
p^^  ^-  ^  +  32  ^  1,130.051  -  130  +  32  ^  ^^     ^^^ 

t^-t^  130  -  55 

(657)  See  Art.  1291. 

PLAN 

(658)  {U)  Using  formula  98, 1.  H.  P.  =     .^^  ^^  ,  or 

_  33,000  I.  H.  P.  _     33,000  X  42 
~  PN  "36.3X155X2* 
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L  =  stroke  in  feet. 
12  L  =  stroke  in  inches. 
From  the  conditions  of  the  problem,  12  Z  =  1  -^,  when^ 

is  taken  in  inches,  or  L-=—d.    A  =.7854</',    Substituting 

9 

these  values  of  L  and  A^ 

^  d^    --Md^-'^^^^^*  -    33,000X42 
-^X.7854rf    -        9         -2X36.3X155' 

or  d=  y  ,.,,  ' ' '  ,  ^, ^7—7  =  11.22'  nearly,  or,  sav 

36.3  X  15o  X  2  X.7854  j>      >       . 

V 
11  — .     Ans. 
4 

{a)   Stroke  z=l--^=ll-x  1-  =  15'',  nearly.     Ans. 

O  4:  O 

{c)     Using  formula  lOO, 

^      LR       15  X  155       oor/  r  r.  •         A 

5  =  — —  = =  387.5  ft.  per  mm,     Ans. 

00 

(659)     {a)  Area  of  piston,  .7854  X  22"'  =  380.1336  sq.  in. 

Total  pressure  on  piston  =  380.1336  X  72  =  27,369.62  lb. 

At  the  beginning  of  the  stroke,  the  piston  rod,  connecting- 
rod,  and  crank  lie  in  the  same  straight  line,  and,  consequently, 
the  total  pressure  on  the  piston  is  transmitted  to  the  crank- 
shaft. 

{b)  In  this  case  the  total  pressure  on  the  piston  is  380. 1336 
X  Qo  =  24,708.68  lb.,  which  is  also  the  horizontal  pressure 
on  the  crank-pin. 

Then,  the  pressure  on  the  crank-shaft  is  24,708.68  X  cos 
60°  =  12,354.34  1b.   Ans. 

(f)  The  tangential  pressure  is  24,708.68  X  sin  60°  = 
24,708.68  X  .86603  =  21,398.46  lb.  Ans. 


(660)     See  Art.  1311. 
The  mean  or( 
per  sq.  in.     Ans 


2 

The  mean  ordinate  should   be   34.6  X  ^  ^  ,^  .  =22.03  Ih 

3.1416 
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80         2 

(661 )  Diameter  of  drivers  =  80'  =  —  =  6-  ft. 

Circumference  of  drivers  =  G-  X  ^^  =  20.944  ft, 

o 

60  miles  per  hour=l  mile  per  min. 

One  mile  contains  5,280  ft.     Hence,  the  number  of  revo- 

....  .      .     5,280 

lutions  of  the  driver  per  mm.  is  -r--— r-rr- 

20. 944 

Area  of  piston  =  .7854  x  1 9'  =  283.53. 
Now,  using  formula  98, 

,„^      PLAN  12  20.944  ,^,Qa 

Since  there   are   two  cylinders,  the   total  horsepower  = 
454.86  X  2  =  909.72  I.  H.  P    Ans. 

(662)  {a)  As  shown  in  Fig.  53,  the  diameter  of  the  path 
described  by  the  eccentric  is  the  travel  of  the  valve,  6'. 


/ 


Ai 


\ 

\ 

\ 


Fig.  63. 

The  eccentric  crank  must  be  in  a  position  O  C,  so  that,  upon 
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dropping  the  perpendicular  C  D  upon  A  B,  the  distance  O  D 

3 

off  /O    V)  A 

will  equal  the  lap  —  .     Then,  cos  C  O  D  =  -7^—^  =  —-  =.3. 
^  4  O  C         1 

H 

The  angle  whose  cosine  is  .3  is  72°  32',  nearly.  Hence, 
C  O  Z>  =  72°  32',  and  the  angular  advance  =C  O  F=dO° 
-  COD  =90-72°  32'  =  17°  28'. 

(d)     When  cut-off  occurs  the  valve  must  be  in  the  same 

position  as  it  was  at  the  beginning  of  the  stroke,  but  moving 

in  the  opposite  direction.   Hence,  the  center  of  the  eccentric 

must  be  at  E  vertically  below  C,   and  must  have  passed 

through  the  angle  C  O  £  =  2  C  O  B  =  2  X  72°  32'  =  145°  4'. 

Therefore,  the  crank  has  moved  145°  4'  from  the  dead-center 

145°  4' 
position,  and  now  makes  an  angle  of  — - —  =  72°  32',  with 

z 

A  B^  the  diameter  through  the  dead  points. 

(663)  {a)  Efficiency  =  ;^^f-^=. 8024  =  80. 24^.     Ans. 

15.00 

{b)  Area  of  piston  =  .7854  X  9'  =  63.617  sq.  in. 

Stroke  =  12"  =  1  foot. 

PL  A  N 
Using  formula  98,  I.H.P.  =  -33-000"'  ^^ 

P_I.H.P.  X  33,000  _        15.36X33,000        _ 
LAN  "1X63.617X240X2"" 

(664)  See  Arts.  1223  and  1224. 

(665)  The  construction  is  shown  in  Fig.  54.  Choose  a 
suitable  length  for  the  diagram,  say  3  inches.  Draw  the 
atmospheric  line  M  N.  Choose  a  scale  of  pressures,  say  40 
pounds  per  inch,  and  draw  the  vacuum  line  O  X  parallel  to 

MNznA  ^^  =  .3675'  below  it.     On  O  X  lay  off  the  length 

of  the  diagram  A  B  =  3".  This  length  represents  to  some 
scale  the  volume  of  the  cylinder,  and  7^  of  this  length  must 
then  represent  to  the  same  scale  the  clearance.     Therefore, 
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from  A,  lay  ofi  A  O  equal  to  7^  oi  A  B  =  3  X  .07  =  .21', 

and  from   O  draw   O    Y  perpendicular  to  O  X.     Lay  off 

70        3' 
MC=  —  =  l2-to  represent  the  boiler  pressure,  and  through 

Cdraw  CE  parallel  to  OB.     The  number  of  expansions  is 

3.     Hence,  lay  off  C D  =  -O B,  and  D  will  be  the  point  of 

O 

cut-off.     Through  D,  draw  the  equilateral  hyperbola  DF, 


Fig.  m. 


as  explained  in  Art.  1161,  taking  O  as  the  point  from 
which  to  draw  the  radial  lines.  D  F  is  the  expansion  line. 
The  back  pressure  is  2  lb.  above  the  atmosphere.     Hence, 

2        1  * 

the  line  G  H  drawn  parallel  to  iW  TV  and—  =  —-above  1  will 

represent  the  back-pressure  line  of  the  diagram.     Since  the 

steam  is  compressed  to  40  lb.,  the  point  where  compression 

40 
ends  may  be  found  by  measuring  PK-=  — -  =  1'  above  M N. 

40 

Through  A',  the  equilateral  hyperbola  K H  xs  drawn  in  the 

same  manner  as  D  F.     Draw  K L  perpendicular  to  M Ny  and 

the  diagram  is  finished. 

(666)     See  Art.  1308. 
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(667)  To  obtain  an  idea  of  the  condensation  of  the 
steam  in  the  cylinder.  There  is  generally  more  condensa- 
tion at  cut-off  than  at  release,  on  account  of  reevapora- 
tion,  and  if  the  steam  consumption  be  calculated  from  both 
points,  the  difference  will  tell  more  or  less,  approximately, 
the  amount  of  condensation  at  cut-off. 

(668)  The  data  assumed  will,  of  course,  depend  largely 
upon  circumstances.  Suppose  the  engine  to  be  non-con- 
densing, and  to  run  with  a  piston  speed  of  600  feet  per 
minute,  and  use  steam  at  a  boiler  pressure  of  75  lb.  The 
mechanical  efficiency  will  probably   be  about   80^,    which 

requires  the  engine  to  develop  -—  =  300  I,  H.  P.     Assuming 

.  oO 

the  number  of  expansions  to  be  2^,  the  probable  M.  E.  P.  is, 
from  formula  99,  M.  E.  P.  =  l^^^^i+A^Mf)  _  . 9^  = 
.9x89. 7  (1  +  2. 3  log  2. 5) 


-  .9  X  17  =  46.55. 


2.5 

PL  A  N 
Now,  using   formula   98,  I.   H.   P.  =  ,   or  y^  = 

„             ,      33,000  X  300      „.,,«.  r    .  ^ 

Hence,  A  =      '      --—  =  3o4.46  sq.  m.  =  area  of  piston. 

1' 
The  diameter  corresponding  to  this  area  is  21—. 

For  this  diameter  a  fair  stroke  would  be  30",  the  number 

of  revolutions  being  from  formula  lOO, 

65_6X600_ 

^-   L  -      30      -  ^^"• 

1" 
The  engine  would  be  made  21—  X  30",  and  run  at  120 

rev.  per  min.     Ans. 

(669)     The  scale  of  the  spring  should  be  in  general  not 

less  than  —  of  the  boiler  pressure. 
Z 

54 
(a)  -—  =  27 ;  hence,  a  30  spring  should  be  used. 
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115  1 

(d)  —^  =  57— ;  hence,  a  60  spring  should  be  used. 

{c)  1.834'  X  40  =  73.36  ib.  per  sq.  in.     Ans. 

(670)  Weight  of  condensing  water  per  pound  of  steam 
_  13,580 

"^     906    ■ 

Total  heat  of  steam  at  an  absolute  pressure  of  7  pounds  is, 
from  the  table,  1,135.908.      Substituting  in  formula  105, 

/,  =  1, 135. 908  +  32  -  ^^^  (120  -  52)  =  148. 66°.     Ans. 

(671)  The  areas  of  the  three  pistons  are  proportional  to 

the  squares  of  their  respective  diameters.    Hence,  the  M.  E.  P. 

of  the  high-pressure  cylinder  reduced  to  the  low-pressure 

27' 
cylinder  is  72  X  -rp  =  12.05  lb.  per  sq.  in.   The  M.  E.  P.  of  the 

intermediate  cylinder  reduced  to  the  low-pressure  cylinder  is 

42' 
40  X  — J  =  16.2  lb.  per  sq.  m. 
dO 

The  total  M.  E.  P.   reduced  to  the  low-pressure  cylinder 

is,  consequently,  12.05  +  16.2 -f-  16.5  =  44.75  lb.  per  sq.  in. 

Area  of  low-pressure  piston  =  .7854  x  66'=  3,421.2  sq.  in. 

{a)     Substituting,  now,  in  formula  98, 

T  „  p  _/'Z/JA^_44.75x4x  3,421.2  x70x2  _  . 

^-  ^-  ^-  -   33,000    -  33:000  -  ^'^f" 

'  '  Ans. 

(d)  The  work  done  in  each  cylinder  is  proportional  to  the 
M.  E.  P.  of  the  cylinder  reduced  to  the  low-pressure  cyl- 
inder.    Hence,  the  percentage  of  the  total  work  done  in  the 

12  05 
high-pressure  cylinder  is   ,,'   ,  =  .269  =  26. 9j^.    Ans.     The 

44.75 

percentage  of  the  work  done  in  the  intermediate  cylinder  is 

16  2 
— —  =  .362  =  36. 2j^.     Ans.     Lastly,  the  percentage  of  the 

16  5 
work  done  in  the  low-pressure  cylinder  is        '      =  .369  = 

36.9^.     Ans. 

.j;.  A.    1  /.    JO 
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(672)  See  Art.  1287. 

(673)  The  number  of  expansions  is  determined  from 
formulas  97  and  96, 


_  k^^i _  .25 +  .025  _ 


,275 


1  +  z        1  +  .025         1.025 

._!_      1      _  1-0^5  _ 

k  ~   .275  ~   .275   -''•'^'• 
1.025 

{a)     The  M.  E.  P.  may  now  be  found  from  formula  99. 

M.E.P.=:^^ii±Mi2£i)_.9^  = 

.9  X  98.7  (1  +  a.3  log  3,727)  _  "^  ^  3  ^  ^^_^^.  j^_  p^^  ^q_  .„ 


3.727 

Ans. 

PT  A  N 
{b)     Using    formula   98,    I.  H.  P.  =  ^^3=^.    or  ^  = 

33,000  X  I.  H.  P.       33,000  X  120       ,  ,,        .        _,, 

-PLN =^52.455X500  ^^'^^q-^^-    ^he required 


,^/;i5i     .y 


diameter  is,  therefore,  y  -=777^7-  =  13—  •     Ans, 

.7854  8 

(674)  Since  the  gauge  pressure  is  93  lb.,  the  absolute 
pressure  is  93  +  14.7  =  107.7  lb.  Substituting  the  logarithm 
of  107.7  in  formula  90, 

2.03223  =  6. 1007 -?^-i°^ 

Clearing  of  fractions  and  transposing, 

4.06848  T^  -  2,719.78  T  =  400,215. 

As  this  is  an  affected  quadratic,  it  may  be  solved  by  the 
rule  given  in  algebra ;  hence,  dividing  by  the  coefficient  of 
r"\r"- 668.5  r=  98,309.66.  Completing  the  square  T^ 
-668.5  r+ 111,723.2  =  210,092.86.  Extracting  square 
root,  r-  334.25  =  458.359,  or  T  =  792.609°.  Therefore, 
792.609  -  460  =  332.609°.    Ans. 

(675)  See  rule  in  Art.  1246,  and  the  answer  to 
question  662. 
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(676)  The  volume  discharged  in  1  stroke  is 

18^  X.  7854X24         . 

cu.  it.. 

1,728 

and  the  volume  discharged  in  1  minute  is 

18'  X  .7854  X  24  X  175  X  2 

1,728 

Formula  93  gives  the  work  in  foot-pounds  which  is  done 

in  1  stroke;  hence,  if  multiplied  by  the  number  of  strokes 

per  minute  and  divided  by  33,000,  the  result  will  be  the 

horsepower.     The  pressure  is  62.4  lb.     Substituting  these 

values  of  the   pressure   and  volume,  in  formula  93,  and 

dividing  by  33,000,  we  have 

144  X  62.4  X  18'  X  .7854  X  24  X  175  X  2  _ 

1,728  X  33,000  , 

'  horsepower. 

Ans. 

(677)  Dividing  the  diagram  into  10  equal  parts,  and 
measuring  the  ordinates  drawn  at  the  middle  of  these  di- 
visions, the  sum  of  their  lengths  for  diagram  A  is  7.16",  for 
diagram  j5,  7.24",  and  for  diagrams  C  and  D,  4.68'  and  4.72', 
respectively.  Dividing  these  sums  for  A  and  B  by  10  and 
multiplying  by  60,  the  scale  of  spring,  we  have, 

Cf) 

for  A,  7.1QX  r^  =  42.96  lb.  per  sq.  in. ; 

for  B,  7.24  X  r^  =  43.44  lb.  per  sq.  in. 

Adding  and  dividing  by  2,  the  mean  effective  pressure  for 

42.96  +  43.44 


2 


the  high-pressure  cylinder  is  found  to  be 

43.2  lb.  per  sq.  in. 

The  M.  E.  P.  for  the  low-pressure  cylinder  is, 
an 
for  C,  4.68  X  ^  =  14.04  lb.  per  sq.  in. ; 

for  Z),  4.72  X  j^  =  14.16  lb.  per  sq.  in. 

Adding  and  dividing  by  2,  the  M.  E.  P.  for  the  low-pres- 

14  04  +  14  16 
sure  cylinder  is  — '■ — —- — '■ —  =  14. 1  lb.  per  sq.  in. 
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Reducing  the  M.  E.  P.  of  the  high-pressure  cylinder  to 

the    area    of    the    low-pressure    piston,    we    have    43.2  X 

13^  X. 7854      ,c^^^i, 
^^,-^^_^^::.18.2.52  1b.persq.in. 

Hence,  14.1  +  18.252  =  32.352  lb.  per  sq.  in.  =  the  M.E.  P. 
if  the  work  was  all  done  in  the  low-pressure  cylinder. 

PLAN 


Therefore,  I.  H.  P.  = 
15 


33,000 


32.352  X  7^  X  20'  X  .7854  X  230  X  2 
33,000 


=  177.11.  H.  P.     Ans. 


(678)     Fig.  55  shows  diagram  A  and  diagram  D  drawn 
as  mentioned  in  Art.  1305;   that  is,  the  scale  of  pressures 


Fig.  55. 

on  diagram  D  has  been  reduced  to  60,  the  same  as  on  dia- 
gram A.  In  Fig.  56  the  length  of  diagram  A  has  been  re- 
duced in  the  proportion  of  the  ratio  of  the  volume  of  the  high- 
pressure  cylinder  to  that  of  the  low-pressure  cylinder.  By 
reading  Arts.  1304and  1305,  the  student  should  have 
no  trouble  in  drawing  the  diagrams  by  aid  of  the  above 
figures. 

(679)    Using  a  scale  divided  into  thirtieths  of  an  inch,  and 

28" 
locating  for  this  case  a  point  rrr-  above  the  vacuum  line 
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(which  should  be  drawn  previous  to  this),  we  draw  through 
this  point  a  line  parallel  to  the  atmospheric  line.  The 
length   of   the   portion  of  this  line  included    between  the 


Fig.  66. 

bounding  lines  of  the  diagram  is  2.95',  and   the   absolute 

pressure  which  it  represents  is  28  lb.     The  whole  length  of 

1' 
the  diagram  is  3—  .    The  weight  of  a  cubic  foot  of  steam  at 

this  pressure  is,  from  the  table  of  the  Properties  of  Saturated 
Steam,  .069545  lb.  The  M.  E.  P.  was  found  to  be  30.75  lb. 
per  sq.  in.,  in  example  G49. 

Substituting  these  values  in  formula  lOl, 
^      13,750  X  2.95  X  .069545       ^,^  „.    ,^  t   xr    t> 

^  = 30.75  X  3.5 =  ^^'^^   ^^-  P^'   ^-  "•  ^-  P"' 

hour.     Ans. 

(680)  For  {a)  and  {b)  see  Art.  1292.  {c)  No.  The 
stroke  may  be  so  short  that  the  piston  speed  will  be  low, 
although  the  rotative  speed  is  high. 

(68 1 )  The  absolute  pressure  =  123  +  14. 7  =  137. 7  1b. 
Logarithm  of  137.7  =  2.13893.   Substituting  in  formula  90, 

2.13893  =  6.1007 -?-'^-i'^ 
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Clearing  of  fractions  and  transposing,  3.96177  7"* — 
2,719.78  ri:=  400,215. 

Solving  this  equation  for  T  in  the  same  manner  as  was 
done  in  example  674,  r=  811.49°,  or  /  =  811.49 -460 
=  351.49°.     Ans. 

(682)  Since,  according  to  formula  98, 

_PLAN  I.H.P.  X  33,000 

•     •    •  ~    33,000  '  LAN 

Substituting  the  values  given  in  the  present  example, 

P  300X33,000  .o.n^iu 

/*=  — =  43.406  lb,  per  sq.  in. 

^X  22' X  .7854x200  X  2  Ans. 

(683)  See  answer  to  question  675. 

(684)  Drawing  and  uniting  the  lines  s  t  u  and  v  t  r  oi 
diagrams  A  and  B^  respectively,  the  diagram  shown  at  {a). 
Fig.  57,  is  drawn.  (Fig.  57  is  not  drawn  to  scale.)  Divi- 
ding the  part  r  s  t  into  10  equal  parts,  and  measuring  the 
ordinates  drawn  at  the  middle  of  those  parts,  the  sum  of 
their  lengths  is  7.78",  and  the  average  length  (mean 
ordinate)  is  7.78  ^  10  i=  .778".  The  length  of  a  line  par- 
allel to  the  atmospheric  line  included  between  the  point 
/  and  the  line  s  r  \%  2.23".  Hence,  area  oi  s  t  r  =  .778 
X  2.23  =  1.7349  sq.  in.  Dividing  v  t  u  into  5  equal  parts, 
the  sum  of  the  middle  ordinates  is  1.8".  1.8  -i-  5  =:.36"=  mean 
ordinate  oi  v  t  u.  Length  from  point  t  to  line  v  ii  =  .37". 
Area  oi  v  t  u  =  .36  X  .37  =  .1332  sq.  in.  Subtracting  area 
V  t  u  from  area  r  s  t,  1.7349  -  .1332  =  1.6017  sq.  in.  The 
length  r  7/  =  2.6".     Hence,  the  mean  pressure  urging  the 

,       ,  .    1.6017  X  60       ^^  _,,  .  . 

piston  ahead  is — — =  36.96  lb.  per  sq.  in.     Ans. 

2.  o 

(685)  This  example  is  worked  like  the  previous  exam- 
ples where  the  horsepower  is  to  be  found  from  the  diagrams. 
Dividing  the  length  of  the  diagrams  into  ten  equal  parts, 
and  measuring  the  middle  ordinates,  their  sum  for  diagram 
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A  is  found  to  be  6.04",  and  for  B,  6. 02'.    The  mean  ordinate 
for  A  =  ^  =  .004,  and  for  B,  ^  =  .602.     Hence,  the 

total  M.  E.  P.  =  •^Q^+-6^^  X  00  =  37.98  lb.  per  sq.  in. 

,„„       87.98x1  X13*X  .7854X300  X  2      „,  „„       . 
I.H.P.= gp^jj =91.66.     Ans. 

(686)  Drawing  a  line  parallel  to  the  atmospheric  line, 
and  at  a  distance  from  the  vacuum  line  corresponding  to  a 
pressure  of  40  lb.,  absolute,  the  length  included  between  the 
bounding  lines  of  diagram  A  is  1.40",  and  the  length  be- 
tween the  bounding  lines  of  diagram  B  is  1.72".  The 
length  of  both  diagrams  is  2.0".  The  weight  of  a  cubic  foot 
of  steam  at  an  absolute  pressure  of  40  lb.  is  .097231  lb.  The 
M.  E.  P.  for  card  yi  =  .604  X  60  —  36.24  lb.,  and  for  card 
B,  .602  X  00  =  39.72  lb.  (See  example  685.)  Substituting 
in  formula  lOl,  we  have,  for  card  A, 

^_  13,750  X  1.46  X  .097231_,..  ^..  ,, 
^  -  36.24X2.0  -  ^^- ™  ^^^ 

and  for  card  B^ 

_  13,750  X  1.72  X  .097231  _ 
^  -  39.72X2.0  -  ^^-^^^  *^- 

Taking  the  average  of  both  cards, 

^      20.710  +  22.207      ^,  ,^  ,,  t    tt    td 

Q  — { =  21.49  lb.   per  I.  H.  P.  per 

hour.     Ans. 

(687)  In  Fig.  57  is  shown  the  solution  to  this  question. 
The  cut  is  not  drawn  to  scale,  and  the  student  should  re- 
draw it  full  size.  By  referring  to  Art.  1313,  the  student 
should  have  no  difficulty. 

Find  the  areas  oi  A  C  F  and  F  B\  subtract  the  smaller 
from  the  larger,  and  divide  by  the  length  A  B\  the  result  is 
the  height  A  M.  Draw  Jfi\^  parallel  toAB;  also  the  dotted 
semicircle,  at  a  distance  from  the  full  semicircle  equal  to  A  M. 

(688)  Compute  the  area  oi  D  C  E  D  in  the  usual  man- 
ner; for  the  present  case  it  equals  .78  sq.  in.      The  stroke 
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of  the  engine  =  12"  =  1  ft.  and  the  crank-pin  travels  in  one 

1     v/    o    -I  4-1  n 

stroke  a  distance  = ^ =  1.5708  feet.     The  length 

AB  =  4.08'.     Consequently,  1'  of  length  on  A  B  =    ^^        = 

.385  ft.  of  crank-pin  travel.  Since  the  vertical  scale  of 
pressures  is  1"  =  60,  //,  in  formula  107,  =  .78  X  60  X  .385  = 
18.018    lb.  per    sq.   in.  of    piston    area.       Substituting    in 


formula  107,wehave  W= 

I  «  V   a9.  1  « 

=  623  lb.     Ans. 


7i'  Ev* 
13'  X  .7854  X  18.018  X  32.16 


6'X 


J^       /300  X  2  X  1  X  3.1416Y 

60  ^  \  a  X  60  ) 
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(QUESTIONS   689-748.) 


(689)  See  Arts.  1336,  1339,  and  1338. 

(690)  See  Arts.  1344,  1345,  1352,  and  1354. 

(691)  See  Art.  1347. 

(692)  Use  formula  llO. 

E  =  -T-\  therefore,  e  —  -j-^. 
A  =  .7854  X  2';  /=  10  X  12;  P=  40  X  2,000;  £  =  25,000,000. 

Therefore    ,^±0x2,000x10x12   ^^,,,3.      ^ns. 
1  nererore,  e  -   „^^^  ^  ^  ^  25.000,000 

(693)  Using  formula  1  lO, 

E-  —  = 7,000  X  7i _  29,708,853.2  lb.  per  sq.  in. 

^-/Jr      .7854  X(^)'X. 009  '  ^    j^^ 

(694)  Using  formula  1  lO, 

P/  A^A       UX  2  X.OOGX  15,000,000  _ 

ZT'""  "T""  0X12 

2,500  lb.     Ans. 

(695)  By  formula  llO, 

P/  AcE      .7854  X  3*X  .05  X  1,500,000  _  ^^^^^  ^^, 

^-Z^'"""'-     P    "  2,000  ^-^J  ■ 

(696)  Using  a  factor  of  safety  of  4    (see  Table   28), 
formula  108  becomes 

For  notice  of  copyrijcl  •  immediately  followinK  the  iiti.-  \v\kc. 
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P=^,o..=ii:=t2<A^«..sr.rms,.. 


(697)  From  Table  23,  the  weight  of  a  piece  of  cast  iron 
1'  square  and  1  ft.  long  is  3.125  lb.;  hence,  each  foot  of 
length  of  the  bar  makes  a  load  of  3.125  lb.  per  sq.  in.  The 
breaking  load — that  is,  the  ultimate  tensile  strength — is 
20,000  lb.  per  sq.  in.      Hence,  the  length  required  to  break 

the  bar  is  ^^^  =  0,400  ft.     Ans. 
3. 12o 

(698)  Let  /  =  the  thickness  of  the  bolt  head ; 

rt^=  diameter  of  bolt. 
Area  subject  to  shear  =  t.  d  t. 

Area  subjected  to  tension  =  7  '^  d^- 

S^  =  55,000.     S^  =  50,000. 
Then,  in  order  that  the  bolt  shall  be  equally  strong  in  both 
tension  and  shear,  tt  d  t  S,  =  —-  d"^  S„ 

^-dS^      4^3       4  X  50,000 

(699)  Using  a  factor  of  safety  of  15  for  brick,  formula 
108  gives 

15   ■ 
A  =  {^X  3i)  sq.  ft.  =  30  X  42  =  1,260  sq.  in. ;  S^  =  2,500. 

Therefore,  P=  ^>^^^  X  ^^^QO  _  210,000  lb.  =  105  tons.   Ans. 

J-  0 

(700)  The  horizontal  component  of  the  force  Pis  Pcos 
30°  =  3,500  X  .860  =  3,031  lb.  The  area  A  is  ^  a,  the  ulti- 
mate shearing  strength,  vS„  600  lb,,  and  the  factor  of  safety,  8. 
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P  = 


Hence,  from  formula  108, 
AS. 


^aS,_aS^  2P_2X3,031_ 

-8~-"T"-    ^-X~       GOO       -^^•^-     ^"'■ 


(701)     See  Art.  1366. 


Scale  of  forces  1^1600  lb. 
Scale  of  distance  1^32' 

Fig.  sa 

(702)     Using  formula  111,  with  the  factor  of  safety  4 
j_  '2tS^_  /5,  2/>^_2x  120  X  48 

^     ~     4      ~    ij   '°'"     ~    ^"     ~        55,000       * 
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Since  40^  of  the  plate  is  removed  by  the  rivet  holes,  QO^ 
remains,  and  the  actual  thickness  required  is 

/        2  X  120  X  48         _  ..„        . 
.-60  ^. GO  X  55, 000  ^•'''-     ^"" 
(703)     Using  a  factor  of  safety  of  G,  in  formula  111, 

2/5.        tS, 


pd  — 


6 


„  ,      '?>pd      3  X  G  X  200         ^^„       . 

Hence,     t^-^=       ^^^^^^       =.18.     Ans. 

(704)     Using  formula  114,  with  a  factor  of  safety  of  10, 

^  9,000,000/'-'*  ^^r.    r.r.r.t'"'"^ 

^=         l,ld         -^60,000^. 


Hence,   t  =  fj^  =  Vy''''  X  12  X  12  X  3  ^ 

^   9G0,000        ^  960,000  Ans. 

(705)  From  formula  113, 

^~  r  4-/'°'^  ^-5^- 2,800-2,000"    800    "^^     ^''^• 

(706)  See  Fig.  58.  {a)  Upon  the  load  line,  the  loads 
(9,  i,  i-^,  and  ^-t?  are  laid  off  equal,  respectively,  to 
F^^  F^y  and  F^ ;  the  pole  P  is  chosen,  and  the  rays  drawn  in 
the  usual  manner;  the  pole  distance  If=  2,000  lb.  The 
equilibrium  polygon  is  constructed  by  drawing  a  c,  c  d,  d  e, 
and  ^/"parallel  to  P  O,  PI,  P 2,  and  P 3,  respectively,  and 
finally  drawing  the  closing  liney^i;  to  the  starting  point  a. 
Pin  is  drawn  parallel  to  the  latter  line,  dividing  the  load 
line  into  the  reactions  in  O  =  R^,  and  3  in  =  R^.  The  shear 
axis  in  n  is  drawn  through  m,  and  the  shear  diagram 
O  h  I . . .  .  s'  n  in  (9  is  constructed  in  the  usual  manner.  To 
the  scale  of  forces  in  (9  =  1,440  lb.,  and  3  in  =  2,160  lb.  To 
the  scale  of  distances  the  maximum  vertical  intercept  y  =: 
d'  d^  31.2  ft.,  which,  multiplied  by  H,  =31.2  X  2,000  = 
62,400  ft. -lb.  =  748,800  in. -lb.     Ans. 

{p)  The  shear  at  a  point  30  ft.  from  the  left  support  = 
(9  w=  1,440  lb.     Ans. 

(<r)  The  maximum  shear  —  n$'=—  2,160  lb.     Ans. 
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(707)  See  Fig.  59.  Draw  the  force  polygon  012  3  450 
in  the  usual  manner,  O  1  being  equal  to  and  parallel  to 
F^,  1-3  equal  to  and  parallel  to  /^„  etc.     O  5  is  the  resultant. 

•    Scale  of  forces  1^40  11k 
J6  .^  ScaU  of  distance  1=2" 


Fig.  59. 

Choose  the  pole  /*,  and  draw  the  rays  P  O,  P  1,  P2,  etc. 
Choose  any  point,  a  on  F^,  and  draw  through  it  a  line 
parallel  to  the  ray  P 1.  From  the  intersection  b  of  this  line 
with  F^,  draw  a  line  parallel  to  P2;  from  the  intersection 
c  of  the  latter  line  with  F^  produced  draw  a  parallel  to 
P  3,  intersecting  F^  produced  in  d.  Finally,  through  </, 
draw  a  line  parallel  to  P  4,  intersecting  F^  produced  in  e. 
Now,  through  a  draw  a  line  parallel  to  P  O,  and  through 
f  a  line  parallel  to  P5;  their  intersection y  is  a  point  on  the 
resultant.  Through  /  draw  the  resultant  R  parallel  to 
O  5.  It  will  be  found  by  measurement  that  /v  =  05  lb.,  that 
it  makes  an  angle  of  22^°  with  ;//  ;/,  and  intersects  it  at  a 
distance  of  1^'  from  the  point  of  intersection  of  F^  and  mn. 

(708)  See  Fig.  GO.  The  construction  is  entirely  similar 
to  those  given  in  the  text.  O  i,  1-2,  and  2-3  are  laid  off  to 
represent  F^^  F^,  and  F^;  the  pole  Pis  chosen,  and  the  rays 
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drawn.  Parallel  to  the  rays  are  drawn  the  lines  cf  the 
equilibrium  polygon  a  b  c  d  g  a.  The  closing  line  g  a\^ 
found  to  be  parallel  to  P 1.  Consequently,  6^  i  is  the  left 
reaction  and  1-3  the  right  reaction,  the  former  being  6  tons 
Ft  JT.  ^^ 


Scale  of  forces  1=5  tons.  ^  ^ 

Scale  of  distance  1-5' 

Fig.  60. 

and  the  latter  3  tons.  The  shear  diagram  is  drawn  in  the 
usual  manner;  it  has  the  peculiarity  of  being  zero  between 
F^  and  F^. 

(709)  The  maximum  moment  occurs  when  the  shear 
line  crosses  the  shear  axis.  In  the  present  case  the  shear 
line  and  shear  axis  coincide  with  s  /,  between  F^a.ndF^', 
hence,  the  bending  moment  is  the  same  (and  maximum)  at 
F^  and  i^„  and  at  all  points  between.  This  is  seen  to  be  true 
from  the  diagram,  since  k  h  and  b  c  are  parallel.     Ans. 

{!))  By  measurement,  the  moment  is  found  to  be  24  X  12 

=  288  inch-tons.     Ans. 

{c)  288  X  2,000  =  576,000  inch-pounds.     Ans, 
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(710) 


See  Arts.  1375  to  1379. 


(711)     See  Fig.  61.     The  force  polygon  O  1  3  3  4  O  is 

drawn  as  in  Fig.  59,  O  h  being  the  resultant.    The  equilibrium 

polygon  a  b  c  d  g  a    g^^^^  of  forces  1~50  lb, 

is    then    drawn,    the    gcale  of  distance  1^2" 

point  g  lying  on  the 

resultant.  The  re- 
sultant  R    is    drawn 

through  g,  parallel  to 

and  equal  to  O  4-     -^ 

line  is  drawn  through 
C,  parallel  to  R. 
Through  g  the  lines 

g  e  and  g  fzx^  drawn 
parallel,  respectively, 
X.Q>  P  O  and  P  4,  and 
intersecting  the  par- 
allel to  R,  through  C 
in  e  and  /;  then,  e  f 
is  the  intercept,  and 
Pu,  perpendicular  to 
O  Jf,  is  the  pole  dis- 
tance. /'M  =  33lb. ; 
e/=\.'i%'.  Hence, 
the  resultant  mo- 
ment is  33  X  1.32  =  43.0  in. -lb. 

(7 1  2)     The  maximum  bending  moment,  J/=  \v-^  (see 


Fig.  6  of  table  of  Bending  Moments)  =  4  X  2,000  X 


/ 

14  X  8 
22 


40,727T3r  ft. 
mula  117, 


-lb.  =488,727  in. -lb.      Then,  according  to  for- 


S.I 


fc 


=  488,727. 


/  ^  488,727/  ^  488,727  X  8  ^  ^^^  ^^ 
c  S,  9,000 
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But,  -  =  ^^     ,     =  —  b  d"^^  and,  according  to  the  conditions 

C  "2  ^ 

of  the  problem,  b  =  --d. 

Therefore,  -  =  \b  d' =  ^d'  =  434.424. 
c       b  12 


d'  =  5,213.088. 

d 

b 


=  8r. ) 


Ans. 


(713)     The  beam,  with  the  moment  and  shear  diagrams, 
is  shown  in  Fig.  62.     On  the  line,  through  the  left  reaction, 


Fig.  C2. 


are  laid  off  the  loads  in  order.     Thus,  6>  i  =  40  X  8  =  320  lb., 
is  the  uniform  load  between  the  left  support  and  F^;  1-2  is 
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F,  =  2,000  lb.  ;  2-3  =40  X  12  =  480  lb.,  is  the  uniform  load 
between  F^  and  F^;  3-^  =  2,000  X  1.3  =  2,000  lb.,  is  /%,  and 
4-5  =  40  X  10  =  400  lb.,  is  the  uniform  load  between  F^  and 
the  right  support.  The  pole  Pis  chosen  and  the  rays  drawn. 
Since  the  uniform  load  is  very  small  compared  with  F^  and  F^, 
it  will  be  sufficiently  accurate  to  consider  the  three  portions 
of  it  concentrated  at  their  respective  centers  of  gravity 
X,  J,  and  :y.  Drawing  the  equilibrium  polygon  parallel  to 
the  rays,  we  obtain  the  moment  diagram  a  Jib  k  c  I  d  a. 
From  P,  drawing  P  in  parallel  to  the  closing  line  a  d,  we 
obtain  the  reactions  (9;// and  in  5,  equal,  respectively,  to  2,930 
and  2,870  lb.  Ans.  The  shear  a.xis  ;//  x,  and  the  shear  dia- 
gram O  r  s  t  u  V  11  in^  are  drawn  in  the  usual  manner.  The 
greatest  shear  is  O  in,  2,930  lb.  The  shear  line  cuts  the  shear 
axis  under  F^.  Hence,  the  maximum  moment  is  under  F^.  By 
measurement,  f  r  is  G4',  and  P x  is  5,000  lb. ;  hence,  the  maxi- 
mum bending  moment  is  04  X  5,000  =  320,000  in. -lb.     Ans. 

(714)     From  the  table  of  Bending  Moments,  the  great- 
est bending  moment  of  such  a  beam  is  —5—,  or,  in  this  case, 

o 

%v  X  240^ 
8 
By  formula  117, 

,.     w  X  240'       SJ      45,000  280 


8  fc  4  12  ^  2 

M^u       c  45,000  X  280  X  8        ^«  ^«  ,.  •     u     r 

Therefore,  xv  =  — -^ =  72.92  lb.  per  mch  of 

240  X  240  X  4  X  0  ' 

length  =  72.92  X  12  =  875  lb.  per  foot  of  length.     Ans. 

(716)     From  the  table  of  Bending  Moments,  the  maxi- 
mum bending  moment  is 

Wl       IFx  90 


4  \ 

From  formula  117, 

J/ =24  W  = 


=  24  IV. 
SJ 


fc 


/=  r"T(^/*-0=56.945;  c  =  ^-d=  ^=3i;  5.= 38,000;/=  6. 
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38,000  X  5C.945 


Hence,  34  PK  = 


G  X  3.25 


„,      38,000X50.945       ,  ^,,,  ,,        , 

W=--^, ;: „  ^^    =  4,6241b.     Ans 

24  X  0  X  3.25 


(716)     {a)  From  the  table  of  Bending  Moments, 
^_  wT  _  zu  X  192' 
~     8     ■"  8        * 

From  formula  117, 

8        ~A'      ■ 

Then      '"^  ><  ^^^'  =  y>gQO  ><    3,000 


12  X  5 

_        7,200  X  2,000  X  8       _ 
^  "■  8  X  12  X  5  X  192  X  192  ~ 
6.51  lb.  per  in.  =  G.51  X  12  =  78.12  lb.  per  ft.     Ans. 

w  X  192'  _  7,200  80 

X 


8  8  12  X  1 

7,200  X  80  X  8  ,  _  „ 

^  =  -r; — -r-. ttt^ T?^  =1.3  lb.  per  m. 

8  X  12  X  192  X  192  ^ 

=  1.3  X  12  =  15.  C  lb.  per  ft.     Ans. 

(717)     {a)  From   the  table   of  Bending  Moments,   the 

5      Wl* 
deflection   of   a   beam   uniformly  loaded   is  -— -  •   ,,  ,  .      ^n 

384    L  I 

example    714,     rF=  875  X  20  =  17,500    lb.;    /  =  240",    if  = 
25,000,000,  and  7=280. 

XT  /.  fl     .•  5X  17,500X240'  ^_        . 

Hence,  deflection  .  =  ^^^  ^  25,000,000  X  280  =-^'  ^^'   ^^^- 

1   IVl" 
{b)    From  the  table   of    Bending  Moments,  .y  =  —   r-  , . 
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In  example  715,   lV=4:,Cr24=  lb.;  /=9r,  in.;  ^=15,000,000, 
and  /=  56.945. 

4,624X96'  ,,  ,  . 

Hence    s  = —  =  ,1,  nearly.     Ans. 

xience,  ^^  ^  15,000,000  X  56.945  •  '  ^ 

(^)  s  =  ^^^.     In  example  716   (a),    jr=  78.12x16; 
oo4    xi  J 

/=192;  ^  =  1,500,000,  and  7=-?^^. 

„  5X78.12X16X192'  ....        .^^ 

Hence,  s  = „   ^    =  .4<»1  .     Ans. 

"         '  384  X  1,500,000  X  ^U" 

(7 1 8)  Area  of  piston  =  ^  r  ^/'  =  -  -  x  14\ 

4  4 

IV  =  pressure  on  piston  =  —  -  x  14*  X  80. 

From  the  table  of  Bending  Moments,  the  maximum 
bending  moment  for  a  cantilever  uniformly  loaded  is 

wr       Wl        J-  X  14'  X  80  X  4       S^  I   .^      ,  1   ^  ^  «,  ^ 

= =  -^ — —  -?  -.  (See  formula!  1 7.) 

2-2  2  fc^ 

^^45^^  7^^^  1      ., 

/  10  ^  \d         32 

„            i-xl4'x80x4       4,500;r^' 
Hence, ^ =  -^^ , 

,3       14' X  80X4X32       ^^„^ 

or  d^  —  — :q T-TTTTT —  =  55.75. 

4  X  2  X  4,500 

^=-^"55775  =  3.82'.     Ans. 

(719)  Substituting  in  formula  119,  5,  =  90,000;  A  = 
6'  X  .7854;  /=6;  /=14x  12  =  168;  ^=5,000;  ^=-^X 
6*,  we  obtain 

0*4 

(720)  For  timber,  .S",  =  8,000  and  /=8;   hence,  -^  = 

8,000       ,  ^^^ 
-4r-  =  1,000. 


264  STRENGTH  OF  MATERIALS. 

Substituting  in  formula  108, 

P=  A -^=1,000  A. 

.  P         7  X  2,000      ,,  .  , 

~  FOOO  ^      \  000      ^        ^^'  ^"■'  "^c^^s^^y  area  of   a 

short  column  to  support  the  given  load.      Since  the  column 
is  quite  long,  assume  it  to  be  G"  square.     Then,   A  =  36, 

a„d/=l//  =  f-;  =  108. 


Formula  119  gives 


IV= : — - — t-tt:  ,  or 


4-lf) 


A/y     f     Ay^gi)' 


/  =  30  X  12  =  360,  and  g  —  3,000. 
5,  _  14^000 /3G2^3G0^\_ 
/  -      3G     V    +  3,000  X  108  j  -  ^'^"'^'  "^^"^^y- 
Since  this  value  is  much  too  large,  the  column  must  be 
made  larger.     Trying  9"  square,  //  =  81,  /=  546f. 

Then    '^-liii^/'i-i-^l^l^^i^i^i-l  970 
nen,  ^  _  ~^^\^  +    g^oOO  X  546f  /  "  ^'^^'^■ 

S 
This  value  of  ~  is  much  nearer  the  required  value,  1,000. 

Trying  10"  square,  A  =  100,  /=  1M22.  =  833^. 

Xii 

S,       14,000  /      ,    100  X  300  X  300\       „^^  , 

7  =  Too-  V  +     3.000  X  833^    )  =  **"«■  '"'^'^^- 

Since  this  value  of  ^  is  less  than  1,000,  the  column  is  a 

little  too  large;  hence,  it  is  between  9  and  10  inches  square. 

9f'  will  give  997.4  lb.  as  the  value  of  ^;  hence,  the  column 

should  be  91"  square. 

This   problem   may  be  more  readily   solved    by   formula 
120,  which  gives 

._i/7X  2000x8         /7x  2000X8/7X2000X8       12x360-^\ 
^~*^        3X800  V  8000  V     4X8000      '^       3000      /  ~ 

1/7+  4/7473.5 +  518.4)  =  1/93.479  =  9.61"  =  9f ",  nearly. 
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(721)     Here    IV  =  21,000;  /=  10;   5,  =  150,000;  ^  = 
0,250;  /=  7.5  X  12  =  90'.     For  using  formula  121,  we  have 

.3183  IVf      .3183  X  21,000  X  10 


5,  150,000 

16/'       16X8100 


=  .4456. 


£■  0250 

Therefore, 


20.7360. 


d=l. 4142  4/. 4456  +  -/•  4450  (.4450  +  20. 7300)  = 
1.4142  4/.  4450  +  3.0722  =  2.05',  or  say  2f. 

(722)     For  this  case,  A  =  3.1410  sq.  in. ;    /=  ^  X  12 
48';  .S,  =  55,000; /=  10;  /=  .7854;  ^=  20,250. 
Substituting  these  values  in  formula  119, 

S\A  55,000X3.1410 


IV= 


/(l  +  dll)      Wl+    3.1410X48-    \ 
^\         g^J  \    ^20,250  X  .7854/ 


5,500  X  3.1416 

1.4551 

Steam  pressure  =  00  lb.  per  sq.  in. 

„,  .    .  ^_.,    ,,        IV      5,500  X  3.1416 

Then,  area  of  piston  =  .78o4  a    =^  -—  =     ,   ,^^, — — . 

'  ^  00  1.4551  X  60 

„  ,,  5,500X3.1410  ^^-  , 

^^"^^'^   =  .7854  X  1.4551  X  00  =  ^'^>""^^^y' 

and  d=  4/252  =  15|-",  nearly.     Ans. 

(723)     {a)  The  strength  of  a  beam  varies  directly  as  the 
width  and  square  of  the  depth  and  inversely  as  the  length. 
Hence,  the  ratio  between  the  loads  is 

6  X  8'  .  4  X  12' 


10  10 


=  16  :  15,  or  IjV.     Ans. 


{b)  The  deflections  vary  directly  as  the  cube  of  the 
lengths,  and  inversely  as  the  breadths  and  cubes  of  the 
depths. 

Hence,  the  ratio  between  the  deflections  is 

10'      .      16'  ^,^       . 

:; 7^  '  -. r-r.  =   549.     Ans. 

6X8*     4  X  12' 
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(724)     Substituting  the  value  of  c^,  from  Table  31,  in 
formula  123,  we  obtain 

(a)   ^=^,/^  =  4.93|>^  =  3.739'.    Ans. 


(d)   ^=ry^3.4.92f -^=.4.05'.    Ans. 
(725)     Using  formula  123, 


</=47l/M52=  14.06'. 

Since  this  result  is  greater  than  13.6',  formula  124  must 
be  used,  in  which 


</ =  /,f^=  3.3 ««  =14.22-.    Ans. 

■Iv  50 

(726)  From  formula  123, 

.*/W  d"  N 

d=c^yt±.^oTH=—-.     ^,  =  4.11.     (Table  31.) 

Hence,  H=  \  ^^ ,    =  71.775  H.P.     Ans. 
4.11 

(727)  Using  formula  126, 

/7^^,7v/^^'^\  =  .0212xlOo(^'^^^^~^'y=717.7  H.P.    Ans. 

(.0212  is  the  value  of  q^  from  Table  32.) 

(728)  (^)  Using  formula  127, 

(P^  100  6' '=  100  X  8' =  6,400  lb.     Ans. 

{U)     Using  formula  1 28, 

P=600C-,orC.  =  ^  =  5^=10. 

(7=1/10  =  3.162''. 

d=.\c=\m^\    Ans. 
o 

{c)     Using  formula  1 29, 

p-lOOO^..^.-     P     _6fX  2,000  _ 
y--i,oooc   ,c    --^QQQ-      j^QQQ      -1^*. 

C=vT3^  =  3.651'.     Ans. 


STRENGTH  OF  MATERIALS.  267 

(729)  («)     Using  formula  130, 

P=  12,000^'  =  12,000  X  (0   =  9,187.5  lb.     Ans. 

{b)     Formula  131  gives  P=  18,000  fl^'. 

Therefore    ^- i/ZZZ  =  i/-^il^  =  j/?  =.GG7'.    Ans. 
1  heretore,  rt  -  >    ^^^qqq       ^  18,000       '    9 

(730)  The  deflection  is  by  formula  118, 

11^/3  -I  IF"/' 

c  —  a  =  — —  -— -?-.  the  coefficient  being  found  from  the 

£  /       192    L  I ' 

table  of  Bending  Moments. 

Transposing,  W=^-^^jj^;  /=120;  i^  =  30,000,000;  /  = 
.7854;  s  =  ^. 

Then,  IV=  ^'^  ^  '''''';','?  ^  •^'''  =  327.25  lb.     Ans. 

o  X  1*0 

(731)  (a)     The  maximum  bending  moment  is,  accord- 

,       .  ^      ,.        „                  IV /      6,000  X  60 
ing  to  the  table  of  Bendmg  Moments,  — —  = — =■ 

90,000  inch-pounds. 

By  formula  117, 

SI 

M=:  90,000  =  -^-. 
f  c 

I        64         -d* 
5.  =  120,000;/=  10.     -  = -p,  =  — . 

^r.   r.r.r.  120,000     T.  iV 

Hence,  90,000  =  — ^ r^, 

10  oil 

^90,000  X  10  X  32  ^  ^  ^^^^l 

^   120,000  X  3.1416  T.J 

(3)     Using  formula  1 23, 

^  =  r.  f  ^  =  4. 7  V  ^  =  4f '.  nearly.     Ans. 
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(732)  (<■?)  The  graphic  solution  is  shown  in  Fig.  63. 
On  the  vertical  through  the  support  O  1  is  laid  off  equal  to 
the  uniform  load  between  the  support  and  F^ ;  1-2  is  laid  off 


Scale  of  forces  1^800  Ih. 
Scale  of  distance  1^4^ 

Fig.  63. 

to  represent  F^.  2-3  represents  to  the  same  scale  the  re- 
mainder of  the  uniform  load,  and  3  in  represents  F^.  The 
pole  P  is  chosen  and  the  rays  drawn.  The  polygon  ab  c  c  fh 
is  then  drawn,  the  sides  being  parallel,  respectively,  to  the 
corresponding  rays.  If  the  uniform  load  between  F^  and  F^ 
be  considered  as  concentrated  at  its  center  of  gravity,  the 
polygon  will  follow  the  broken  line  c  c  f.  It  will  be  better 
in  this  case  to  divide  the  uniform  load  into  several  parts, 
^-.4,  J^-5y  5-6,  etc.,  thus  obtaining  the  line  of  the  polygon 
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c  d  f.  To  draw  the  shear  diagram,  project  the  point  1 
across  the  vertical  through  /^,,  and  draw  O  s.  Next  project 
the  point  2  across  to  t,  and  S  across  to  //,  and  draw  /  u. 
O  s  t  u  11  in  is  the  shear  diagram.  The  maximum  moment 
is  seen  to  be  at  the  support,  and  is  equal  to  a  /i  X  P  ti.  To 
the  scale  of  distances,  a  /!  =  58.8  in.,  while  P  vt^=^H  — 
1,400  lb.  to  the  scale  of  forces.  Hence,  the  maximum  bend- 
ing moment  is  58.8  X  1,400  =  82,320  in. -lb.  Ans. 
{J})  From  formula  117, 

jI/=^-  =  82,320.     5.  =  12,500; /=  8. 
f  c  * 

^,        -         /       82,320  X  8       _  .y 

Therefore,  —  =  — '      ,,, —  =  o2.68. 

c  12,o00 

But,  -  =  J^V->-  =  -::-•  and  d=%\b,  ox  b  —  -— . 
^  c  \d  G  ^  5 

Hence,  -  =  — -  =  —  =  52.08.     d^  -  52.68  X  15  =  790.'2. 
c  0  15 

,, o  li 

^  =  f  790.2=  9.245'.     /;  =  —-=  3.7',  nearly.     Ans. 

o 

(733)     Referring  to  the  table  of  Moments  of  Inertia, 

{bd^  -  b^  d^y  -\bdb^  d^d-d^y  _ 

12{bd-b^d^) 
[8  X  10^  -  0  X  {8^yy  -  4  X  8  X  10  X  6  X  8i  (10  -  8^)*  _ 
12  (8  X  10  -  6  X  8^) 

280.466. 
d      b,d/    d-d,  \_ 
2"^    2    \bd-b,dj~ 
10  I  6  X  8i  /        10-8^        \  _  e  3,0 
2+       2       V8X  10-6X8^J-^-^^^- 
{a)     From  the  table  of  Bending  Moments,  the  maximum 

bendmg  moment  is  — -— . 
4 

5^  =120,000;/=  7;  /=35x  12  =  420  in. 

Wl       S  I 
Using  formula  1 17,  i^/=  — r—  =  -7^,  or 

^         fc 

,,,      4.9,/       4X120,000X280.466       «  «,^  ,.         . 

''  =  —TT—  = .^r.      ^ irrrrT. =  7,246  lb.     Ans. 

Ifc  420  X  7  X  6.319 
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((^)     In   this    case   /=5,    and    the    maximum    bending 

w  P 
moment  is  — -— .     Hence,  from  formula  117, 

M  =: ^  • — —   or  IV  = — 

8      fc'  r/c' 

^,        r  rr.  ,85,/       8X120,000X280.466 

Therefore,    W  =  w  I  =    ,  *     =  — '- = 

l/c  420  X  5  X  6.319 

20,290  lb.     Ans. 


(734)     (a)     According  to  formula  116, 


732.     Ans. 


Scale  of  forces  1=960  lb. 
Scale  of  distavtce  1=8^ 

Fig.  64. 

{b)     From  the  table  of  Moments  of  Inertia,  I  —  --b  d*  — 

1<V 


72 ;  yi  =  Zi  ^  =  24.     Dividing,  '^^  ^'  '^' 
36:  ^=6"  and  <^  =  4'.     Ans. 


bd 


=  g,ori^-  =  3.    d'  = 
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(c)     As  above,  r  = 

(735)  Using  formula  1 1 2,/  ^  =  4  /  5,  we  have  /  =  j^- 

Using  a  factor  of  safety  of  G, 

^,      4/5        ^      (jpd      GX  100X8        -._,       . 

pd= or  /  —    ,  ,.   =  — =  ,06       Ans. 

^  G    '  4  5  4  X  20,000 

(736)  The  graphic  solution  is  shown  in  Fig.  G4.  The 
uniform  load  is  divided  into  14  equal  parts,  and  lines  drawn 
through  the  center  of  gravity  of  each  part.  These  loads 
are  laid  off  on  the  line  through  the  left  reaction,  the  pole  P 
chosen,  and  the  rays  drawn.  The  polygon  bed  e  fa  is  then 
drawn  in  the  usual  manner.  The  shear  diagram  is  drawn 
as  shown.  The  maximum  shear  is  either  /  7  or  r  t'  =  540  lb. 
The  maximum  moment  is  shown  by  the  polygon  to  be  at 
f  c  vertically  above  the  point  «,  where  the  shear  line  crosses 
the  shear  axis.  The  pole  distance  /*7  is  1,440  1b.  to  the 
scale  of  forces,  and  the  intercept /r  is  14  inches  to  the  scale 
of  distances.     Hence,  the  bending  moment  is  20,160  in. -lb. 

(737)  From  formula  117, 

5  / 
J/=-^*-  =  20,160.     5.  =  9,000;/=  8. 

rp,    „    /       20,160X8 

^^^"V"^       9,000       =^^-^^- 

^  ,   I      T\bd*      1  ,   ,,  , 

But,  —  =  ,     =  —bd^  for  a  rectangle. 

Hence,  ^-bd^-  17.92,  or  bd*  =  107.62. 
Any  number  of  beams  will  fulfil  this  condition. 
Assuming  </  =  6',  b=  — -^ —  =  3',  nearly. 

Assuming  d  =  b\  b  =  — --^ —  =  4.3'. 

(738)  Using  the  factor  of  safety  10,  in  formula  114, 


It  .!• 


^      0,000,000  /■■'•       %O,0OOX.2'  ,„„  ,- ,K       A 

f  =  -^0—  17=     108  X  a.5     =  '""-^^  "'■    ^"' 
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(739)  Using  formula  130, 

P=  12.000  ^>,  or..=  4/I5:  =  l/l™  =  .913'.  A„s. 

(740)  The  radius  r  of  the  gear-wheel  is  24".     Using 
formula  123,  d=c\/Tr  =  .297  4>'350  X  2l  =  2.84".     Ans. 

(741)  Area  of  cylinder  =  .7854  X  12'  =  113.1  sq.  in. 

Total  pressure  on  the  head  =  113.1  X  90  =  10,179  lb. 

10  1  79 
Pressures  on  each  bolt  =  •    '         =  1,017.9  lb. 

Using  formula  108, 


P=  A  S,  or  A 


Diameter  of  bolt 


P  _  1,017.9  _ 
5  ~    2,000   ~ 

^/^5089 


.7854 


5089  sq.  in.,  area  of  bolt. 
,8",  nearly.     Ans. 


(742)     (a)  The  graphic  solution  is  clearly  shown  in  Fig. 
65.     On  the  vertical  through  F^,  the  equal  loads  F^  and  F^ 

ITon. 


Scale  of  forces  1=2000  lb. 
Scale  of  distance  1=6^ 

^s  Fig.  G5. 

are  laid  off  to  scale,  O  1  representing  F^  and  1-2  representing 
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i%.  Choose  the  pole  1\  and  draw  the  rays  P  O,  P 1,  P  2. 
Draw  a  b  between  the  left  support  and  F  ^  parallel  to  /*(7; 
b  c  between  F ^  and  F ^  parallel  to  P  1,  and  c  d  parallel  to 
P2^  between  F ^  and  the  right  support.  Through  Pdraw  a 
line  parallel  to  the  closing  line  ad.  O  1  ^=  1-2;  hence,  the 
reactions  of  the  supports  are  equal,  and  are  each  equal  to  1 
ton.  The  shear  between  the  left  reaction  and  F^  is  nega- 
tive, and  equal  to  /^,  =  1  ton.  Between  the  left  and  the 
right  support  it  is  0,  and  between  the  latter  and  F^  it  is  posi- 
tive and  equal  to  1  ton.  The  bending  moment  is  constant 
and  a  maximum  between  the  supports.  To  the  scale  of 
forces  P  1  =  1  tons  =  4,000  lb.,  and  to  the  scale  of  distances 
a  /■=  30  in.  Hence,  the  maximum  bending  is  4,000  X  30 
=  120,000  in. -lb.     Ans. 

{b)  Using  formula  117, 

M=^  -J  j  =  120,000.     5,  =  38,000;  /=  6. 

^,  /       120,000X6       360      ,^  , 

^^^"'  7  =       38,000      =  19-  =  ^^'  "^^^^y- 

n  d* 

But    -=  —  =  1^ 
'  c         d  33 

tr  ^  ^'      tr.  ,,      32  X  19 

Hence,  -— r-  =  19,  or  d*  = 


32  '  3.1416 


=  ^ 


32X19       .^,.,,       . 
31416-  =  ^'"^        Ans. 


(743)  Since  the  deflections  are  directly  as  the  cubes  of 
the  lengths,  and  inversely  as  the  breadths  and  the  cubes 
of  the  depths,  their  ratio  in  this  case  is 

18*  12'  27     9       ,, 

or  -  -  :  -  =  12. 


2  X  0'  •  3  X  8"         2   •  8 

That  is,  the  first  beam  deflects  12  times  as  much  as  the 
second.  Hence,  the  required  deflection  of  the  second  beam 
is  .3-^12  =  .025'.     Ans. 
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(744)     The  key  has  a  shearing  stress  exerted  on  two 

sections;   hence,   each  section  must  withstand  a  stress  of 

20,000        .._--  , 

— =  10,000  pounds. 

Z 

Using  formula  108,  with  a  factor  of  safety  of  10, 

n     AS^  .       10  P      10X10,000       ^ 

Let  d  =  width  of  key ; 
I  =  thickness. 

Then,  ^  /  =  ^  =  2  sq.  in.     But,  from  the  conditions  of  the 
problem. 


Hence,  dt  =  ^d'  =  2;  d'  =  8;  b  =  2.828'. 


>■  Ans. 


Wl* 
(T45)     From  formula  118,  the  deflection    s  —  a    ^  ,, 

and,  from  the  table  of  Bending  Moments,  the  coefficient  a  for 

the  beam  in  question  is  jk- 

W—^0  tons  =  60,000  lb. ;  /=  54  inches;  ^5"  =  30,000,000; 


64* 

IX  60,000  X  54'  ._.  . 

Hence,  s  = '- \x\i'  ^  12^  =.0064  m. 

48  X  30,000,000  X  '- ^f^ Ans. 

'  64 

(746)  {(i)  The  circumference  of  a  7-  strand  rope  is  3 
times  the  diameter;  hence,  6^=  1^  X  3  =  3f' . 

Using  formula  129,  /"=  1,000  C"  =  1,000  X  (3f)'  = 
14,062.5  1b.     Ans. 

(d)     Using  formula  127, 
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(747)     Using  formula  113, 


/  = 


120,000 


=  12,000  lb.     Ans. 


2+« 


v748)     The   construction    of   the   diagram   of    bending 


tnZ 


Scale  of  forces  1^1600  lb. 
Scale  of  distance  1^32' 

Fig.  66. 


I/.  /■ 


1  /. 
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moments  and  shear  diagram  is  clearly  shown  in  Fig.  G6.  It 
is  so  nearly  like  that  of  Fig.  58  that  a  detailed  description 
is  unnecessary.  It  will  be  noticed  that  between  k  and  k' 
the  shear  is  zero,  and  that  since  the  reactions  are  equal  the 
shear  at  either  support  =: -^^  of  the  load  =  2,400  lb.  The 
greatest  intercept  is  ^  ^'  =  ^^'  =  30  ft.  The  pole  distance 
//=  2,400  lb.  Hence,  the  bending  moment  =  2,400  X  30  — 
72,000  ft. -lb.  =  72,000  X  12  =  804,000  in. -lb. 
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(QUESTIONS  749-808.) 


(749)     See  Fig.  341  in  Art.  1434.     The  construction 
is  shown  in  Fig.  G7. 


(750)  The  arms  should  be  in  the  proportion  3  :  4.  See 
Fig.  345  of  Art.  1438. 

(751)  In  Fig.  68,  let  y4  ^  and  CZ?  be  the  two  center  lines 
of  motion,  making  an  angle  of  10°  with  each  other.  Draw 
a  b  parallel  to  A  B,  and  at  a  distance  of  3'  from  it;  also,  c  d 
parallel  to  C  Z?,  and  at  a  distance  of  4'  from  it.  O^  the  point 
of  intersection,  will  be  the  center  of  the  lever,  and  O  E  and 
O  H  will  be  the  center  lines  of  the  arms  when  in  mid-position. 

(752)  The  lengths  of  the  lever  arms  will  be  as  3  X  12: 
3.5::  36: 3.5.  Either  the  motion  shown  in  Fig.  343  or  one 
of  those  shown  in  Fig.  344  may  be  used. 

For  notice  of  copyright,  st-e  page  immediately  foUd.'. 
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(753)     Circumference  of  pinion  =  13  X  3.141G  =  37.699' 

Distance      each      moves  = 


4— 


37.699  X 


6.5 


=  .68".     Ans. 


360 

(754)  The  construction 
is  shown  in  Fig.  69.  This, 
in  connection  with  the  prin- 
ciples explained  in  Arts. 
1432  to  1438,  should 
enable  the  student  to  lay 
out  the  motion. 

(755)  See  Art.  1441. 

(756)  The  forward 
stroke,  in  this  case,   is  the 

Fig.  08.  stroke  from    left  to   right, 

while  the  crank-pin  moves  through  the  lower  part  of  its 
circle.     Cross-head  A  leads  during  the  forward  stroke,  and 


LgTS-dJ  Fig.  69. 

cross-head  B  during  the  return  stroke.     The  construction 
to  be  used  in  determining  this  is  shown  in  Fig.  349. 
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(757)  The  effect  is  the  same  as  though  one  toggle-joint 
were  used  instead  of  two.  First,  find  the  pressure  exerted 
by  the  screw.  The  distance  that  the  power  moves  in  one 
turn  of  the  lever  =  20  X  3. 1410  =  62.832";  distance  that  the 

nuts    move  =  Y;    velocity    ratio  =  — '-^—  =  251.328;    force 

exerted  =  75  X  251.328  =  18,849.6  lb. 

When  distance  B  =  16',  the  distance  corresponding  to  //, 


.     ^.      ^.^,        16-12       ,, 
m  Fig.  352,  = ~ =  2 


The  distance  corresponding  to 


O  r,  therefore,  equals  /IS*  —  2'  =  i/320  =  17.888'.    Whence, 
applying  formula  135, 


P  = 


1^^.849.6  X  17.888 
2X2 


=  84,295.4  lb.     Ans. 


(758)     In  the  diagram  in  Fig.  70,  H  E,  C  E,  E  R,  and 


FlC.  TO. 

OR  are  center  lines  of  the  parts  which  have  the  same  letters 
in  Fig.  22,  question  No.  758. 
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Draw  (9 ^perpendicular  to  E R  produced ;  then  by  the  prin- 
ciple of  moments  (see  Art,  1447),  the  thrust  in  the  direc- 


tion oi  E  R  = 


2  X  Or      2  X  1.5 


=  6.82  lb.      Erect  the  per- 


Od  .44 

pendicular  C e,  and  draw  (7/"  perpendicular  to  //"jS"  and  C£- 
perpendicular  to  /I C.     Then,  the  pull  on  the  pin  at  //will 


equal 


6.82  X  Ce      6.82  X  1.28 


thrust  of  cross-head  = 


=  14.08  lb.    Ans. 
d2 

6.82  X  Ce _C).S2  X  1.28 
.63 


Horizontal 


=  13.86  lb. 
Ans. 


(759)  See  Art.  1457. 

(760)  The    construction   is   shown    in    Fig.    71.     The 

various  points  are  lettered  in 
the  same  manner  as  in  Fig.  358, 
and  the  description  in  Art. 
1452  will  apply  to  Fig.  71  in 
all  respects,  except  that  the 
circle  must  be  divided  into  five 
equal  parts  instead  of  three, 
and  the  arc  d  c  d  must  contain 
three  of  these  parts  in  order  to 
have  the  ratio  3 : 2. 


Scale  §=lft. 


(761)  {a)  Fig.  72  («)  shows 
a  diagram  giving  the  propor- 
tions of  the  various  parts;  the 
arc  ^  ^^is  one-half  as  long  as 
the  arc  ac  g.  See  Arts.  1454 
and  1455. 

{b)  360  -=-  20  =  18 ;  hence,  the 
crank-pin  circle  d  c  b  e  must  be 
divided  into  18  equal  parts. 
The  motion  is  shown  in  Fig.  72  {b).     See  Art.  1455. 

(762)     See   Art.    1459.      {a)      Greatest   rate  =  50  X 

44.15  rev. 

(b)     Connecting  as  described  would  double  the  variation 
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-Ai 


P= 


30 


a 

VlKi.  73. 
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(763)  In  Fig.  73,  which  is  lettered  the  same  as  Fig.  364, 
draw  the  given  center  lines  and  locate  points  n  and  A  from 
the  data  of  the  problem.  Lay  off  in  a  ^=i  \  stroke ;  also 
7ih  =^\  stroke.  Connect  A  and  a  and  draw  a  B  perpendicu- 
lar to  A  a.  Through  (9,  draw  B  O  C\  connect  C  and  b^  and 
through  b  draw  b  D  perpendicular  to  C  b.  Measure  the 
lengths  C  D  and  A  B. 

(764)  The  construction  of  the  cam  is  shown  in  Fig.  74. 


(765)  The  construction  of  the  cam  is  shown  in  Fig.  75. 
It  is  similar  in  principle  to  the  one  shown  in  Fig.  366. 

(766)  The  shape  of  the  development  of  the  groove  is 
shown  in  Fig.  76.  The  method  of  laying  it  out  is  also 
indicated. 
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(767)  This  cam  is  shown  in  Fig.  77,  and  is  like  the  one 
shown  in  Fig.  369  in  all  respects  except  that  the  dimensions 
are  different.  The  description  given  in  Art.  1474  will 
apply  to  this  case. 


Fig.  75. 


(768)   See  Art.  1478.     ^/   =  34G|  rev.  per 


48 


min.  Ans. 


(769) 


500  X  10 
210 


FlO.  Ttt. 


23.8' =  231'.  Ans. 
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(770)     Substituting  in  formula  137,  189  X  A  X  20 

1,800  X  6  X  3.5,  or 

1,800  X  6  X  3.5 


(771)  See  Art.  1481.  900 -^  150  =  6;  2  X  3  =  6,  and 
4  X  1^  =  G.  The  ratios  would  then  be  2  :  1  and  3  :  1;  also 
4  :  1  and  1^  :  1.     Other  ratios  could  be  used. 

(772)  See   Art.    1483.      (a)    Effective  pull  in  foot- 
5  X  33,000 


pounds 


200  X  3.1410  X  3 


=  87.54  lb.,  nearly.     Ans. 


(d)  Diameter  in  inches  = 


5  X  33,000  X  12 
50  X  200  X  3.141G 


63  inches. 

Ans. 

(773)     By  laying  out  the  two  pulleys,  the  arc  of  contact  is 

found  to  be  about  150°.     The  allowable  effective  pull  per  inch 

in  width,  taken  from  the  table  is,  therefore,  33.8   lb.      Ans, 
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rri,       ff     *•  11    f^u    Ku  6x33,000x1-2  .  ^_  _, 

The  effective  pull  of  the  belt  =  -; ,  ,  , ,  . ,  ,,.    =  126.05 

^  4  X  3.1416  X  l,oOO 

lb.      126.05  ~-  33.8  =  3.7    inches.     A  -i-inch  belt  would  be 

used.     Ans. 

(774)      The    speed   of   the   belt   in   feet   per   minute  ~ 
14  X  3. 1416  X  90.     Substituting  in  formula   142, 

„,  630  X  250  .^,  . 

^^^  14  X  3.1416  X  90  ==^^'""^^^y- 
The  wheel  should  be  41  inches  wide.     Ana 

(776)     Speed  of  belt  =  2  X  205  X  3.1416.     Substituting 

■      (          1      ,  oo      Z7      6  X  2  X  205  X  3.1416       ^  ^    „     tj 
m   formula    138,  //= ^^ =  8.6    H.    P., 

nearly.     Ans. 

(776)  Calculating  first  for  a  double  belt,  we  find  that 

„      6X2X205X3.1416       ^_  , 

H= j^ =  12.3,  nearly. 

Next,  calculating  for  a  single  belt  with  30-inch  pulley,  we 
find  that 

rj.      6X2.5X205X3.1416       ,^  „  , 

^= 900 =  1^-^'  ^^^^y- 

The  double  belt  would,  therefore,  be  the  more  effectual 
remedy.     Ans. 

(777)  {a)  Substituting  in  formula  147, 

18  =  dy^;  or  rt'=  18  -r-  f/ 5.7143  =  7.53  inches.     Ans. 

{d)  Substituting  in  formula  146,  N=  >/70  X  400  =  167^ 
rev.  per  min.     Ans. 

(778)  (a)  Substituting  in  formula  144, 

y/.^_400x^_.,  „^   , 

Ratio,  therefore,  =  1.78  :  1.     Ans. 
{b)  Substituting  in  formula  146, 

225' 

225  =  ^^400  X  «, ,  or  ;/,  =  '^^——  =  126.56  rev.  per  min       Ans 

400 
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(779)     First  calculate  the  middle  diameter,  using  formula 
148. 


Fig.   78. 


,^       15  +  4.5    ,   .08(15-4.5)'       ^  ^„   ,     ,,       ,,,  ,,^.     , 
M= 1- --I ^^ — — '-—■=  9.75  +  .44  =  10.19  mches. 

One  of  the  pulleys  is  shown  in  Fig.  78. 

W0lHMH\        |W%W##)       (^^^)    See  Fig.  79. 
'  j  An  8-inch  belt  should 

have  a  double  row  of 
^  holes,  five  in  the  row 

nearest  the  end.    Space 
the  holes  equally. 

(781)  The  ar- 
rangement of  the  pul- 
leys is  shown  in  Fig. 
80.  The  belt  leads 
from  point  a,  on  pul- 
FiG.  ra,  ley  A,  into  the  plane 


r     fi     A 


11 


^f 


i/VMhmw^ 


/VW^M^vVHW 
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of  pulley  B  ;  and  from  point  b,  on  pulley  B,  into  the  plane 
of  pulley  A. 

(782)    Fig.  81  shows  how  the  two  shafts  may  be  connected. 
The  arrangement  is  entirely  similar 
to  that  shown  in  Fig.  392. 

/-roo\      60x30x60x30  , 

(^^3)  15x15x10  ="""^t>er 
of  revolutions  of  last  shaft  =  1,440 
rev.  per  min.     Ans. 

The  crossed  belt  and  gears  each 
reverse  the  direction  of  rotation ; 
the  open  belt  does  not  change  the 
direction.  Hence,  the  first  and  last 
shafts  turn  in  the  same  direction. 

(784)     Gears    B    and    C,    being 

idlers,  do  not  affect  the  number  of 

rotations    made   by   D.       Hence,   D 

90  • 
makes  ^  =  1  turn  for  every  turn  of 

A.  As  the  number  of  axes  is  even, 
the  first  and  last  turn  in  opposite 
directions.  p,o  go 

Referring   to   Fig.    398,   and   applying   formula 

137,  we  have  N  x 
d^  X  d^-  n  X  f,  X 
/„  N  and  n  being 
the  number  of  revo- 
lutions of  the  spin- 
dle and  lead  screw, 
respectively.  Solving 
for  ^„ 

d  -»x/.  x/. 

''•-      Nxd^    ' 
Now,      to     cut      4 
threads  per  inch,  the 
spindle   must   turn   4 


Fig.  81. 


times   while   the  lead  screw  turns  8  times.      Hence,   sub- 
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stituting  in  the  formula,  we  have  «  =  8,/,  —  3,  N=  4,  d^  =  1, 

.    r       8  X  2  X/,       10/,       ,  ^ 
^"^<=       4X1    ^4     =^^-^-- 

Since    IG/",   remains    constant    for    this    lathe,    we   may 
hereafter  write  the  formula  as  d^  =  ~l4^' 

For  5  threads,  <  =  -/^  =  ^/,. 

For  6  threads,  <  =  ^^^  =  -|/,- 

U  Q 

For  7  threads,  <  =  ^^  =  y /,. 


,  <  =  -^=  2/,  etc. 


For  8  threads 

To  make  out  the  table,  we  should  aim  to  use  the  same 
gears  as  many  times  as  possible.     Start  with  9G  teeth  for 

9(3 
the  gear  on  stud.     Then,/  =  —  =  24  teeth.     For  5  threads, 

/  =  —  X  96  =  30,  when  d^  =  9G ;   for  6  threads,  /^  =  -  x 
10  o 

96  =  36,  when  d^  =  96 ;  for  7  threads,  /,  =  :^  x  96  =  42 ;  for 

8  threads,  /,  =  -  x  96  =  48.     The  other  gears  are  found 
in  the  same  manner. 

(786)  The  gear  makes  ^  a  turn  in  passing  the  center  at 
each  end  of  the  rack,  two  turns  on  top  of  the  rack,  and  two 
turns  while  traveling  over  the  under  side. 

(a)  The  circumference  of  the  gear  =  10  X  3.1416  = 
31.416".  Distance  that  the  rack  travels  uniformly  =  2  X 
31.416  =  62.832"=  5  ft.  2.832'.     Ans. 

{d)  The  motion  is  harmonic  as  the  gear  passes  over  the 
ends,  and  the  horizontal  distance  traveled  by  the  rack  at 
eacn  end  =  the  radius  of  the  gear;  distance  traveled  at  both 
ends  =  2  X  radius,  or  10  inches.  Hence,  5  ft.  2.832'+  10' 
=  6  ft.  .832',  the  total  travel.     Ans. 
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(787)  When  driving  through  the  worm  and  worm- 
wheel,  40  turns  of  the  worm  produce  one  turn  of  the  driven 
shaft  T.     When  drivmg  through  the  gearing,  40  turns  of 

the  shaft  S  produce  —          ■  =  100  turns  of  T.     Hence,  the 

ratio  of  the  "quick  return  "  is  IGO  :  1. 

(788)  Circumference  of  gear  Z>,=3. 5  X  3.1410=10. 9956= 

11',  nearly.     Hence,  for  every  foot  travel  of  the  table,  D^ 

12 
makes  -—  =  1  ^^y  revolutions.     To  find  the  number  of  turns 

made  by  the  pulley  for  each  foot  passed  over  by  the  table, 

we  have,  therefore,  iVx  3.5  = -^  +  2G,  or  iV  = 


11   '       '  11  X  3.5 

8.103 -f-.      This,    multiplied   by   the   circumference   of   the 

„             8.103X30X  3.141G       ^o  ^       rr  ,,  ,-      • 

pulley,  = — =  G3.G.      Hence,  the  ratio   is 

63.6  :  1.     Ans. 
(789)     {a)  D  F  A 


Wheels  locked     +10         +10  +10 

Arm  stationary  —  10        —  10  X  -^  0 


0         +io-10x^     +10 


Number  turns  of  /^=:  10 ^^r— -  =  —.101  turn. 

The  wheel  /,  being  an  idler,  it  is  not  considered. 
{b)  D  F  A 


Wheels  locked     +  10 
-10 

+  10 

+  10 
0 

0         +10-10x|^     +10 
Number  turns  of  /"=  10  -  ^-~-  =  +  -099.     Ans. 
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(790)  {a)  D_ F_ A_ 

Wheels  locked     -f  4  -f  -i  +4 

5 
Arm  stationary  —  4  x  4         0 

Arm  stationary  +1  +  li  0 

+"1  Ti  +4 

/^= +4-5  +  li=+i.     Ans. 

(b)  D  F  A 

Wheels  locked         4-5         +5  +5 

Arm  stationary      —  5 x  5        0 

Arm  stationary      —  1         —  li  0 

-^^1         ^2i  +5 

F=+5-6i-li=-2i.     Ans. 

(791)  D         F,  Z>,        F, 


Train  locked     -f6         +6         +6  +6 

40 
20 


Arm  fixed  -  G         -  60       +  |^  X  60 


-8 

-8 

-8 

+  8 

-8 

0 

+  20 

-20 

0 

0         -54+126  +6 

(792)  20  turns  of  shaft  5  will  produce  ^^  X  ^^  >^  ^^ 

^  3  X  100 

8  turns  of  Z>,  L.  H.     Hence, 

_E        H,K      D 

Wheels  locked 

Arm  fixed 

Arm  fixed 

+  20       -  36  -  8 
Pulley  K  makes  —  36  revolutions.     Ans. 

(793)  See  Arts.  1550  and  1558. 

(794)  {a)  See  Art.  1552. 

{b)  Substituting  in  formula  150, 

-,      3.1416       3.1416X2        ^^^  •     u       a 

C  =  — -; —  = =  .  698  mch.     Ans. 

^  9 

{c)  Substituting  in  formula  1 49,  P=  ?4th|-  =  3f.     Ans. 

1.1424 
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(795)  (^)     From  formula  151, 

D=  -p  =—  =  10  inches.     Ans. 

{d)  Substituting  in  formula  1 52, 
QO  -4-  2 

OD-       7     =  10. 667  inches.     Ans. 

(c)  Addendum  =  -=.3333';  working  depth  =  2  X  .333o  =^ 
.667  inch. 

(d)  Clearance  =  .3333  X  ^  =  .042';  whole  depth  =  .  667-t 
,042  =  .709'.     Ans. 


FIG.  tfi. 

(796)  See  Fig.  414. 

(797)  {a)  Number  of  teeth  =  48  X  10  =  49a    Ans 

(d)  Number  of  teeth  =  (14— 2  xi)X  6=82.    Ans. 

.1/,  /      I  /     /' 
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(798)     From  formula  1 53,  D  = 


1.25  X  70 
3.141G 


(799)     Substituting  in  formula  154, 


=  27.852 
inches.  Ans. 


a  = 


2AV      2X15.5X2      62 


F+t/  ~        2-i-d "^  y  ~  "^^^  inches.     Ans. 

Substituting  in  formula  155,  Z^  —  ^  X  15.5  X  3  _  93 

3  +  2  0 

IS-f  mches.     Ans. 


Pig.  83L 


(800)  («)  See  Art.  1560. 
{d)  See  Art.  1563. 

(801)  vSee  Art.  1573. 
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(802)  Diameter  of  internal  gear  =  30  -i-  o  =  10  inches. 

Diameter  of  pinion  :=  21  -4-  3  =  7  inches. 

10  —  7 
Diameter  of  describing  circle  =  — - —  =  1^  inches. 

See  Art.  1565. 

(803)  To  determine  whether  two  involute  gears  will  in- 
terfere, use  the  construction  shown  in  Fig.  425.  In  Fig.  82, 
it  will  be  observed  that  the  addendum  circles  of  both  gears 
cut  the  line  of  action  N  N,  at  points  e  and  d,  outside  of 
points  £  and  D.     Hence,  both  gears  will  interfere. 

(804)  The  solution  to  this  example  is  shown  in  Fig.  83. 

(805)  Since  the  worm  is  triple-threaded,  it  will  drive 
the  wheel  three  teeth  at  every  revolution;  in  100  revolu- 
tions, it  will  drive  it  100  X  3  =  300  teeth,  or  — —  =7.5  revo- 


40 


lutions.     Ans. 


(806)     {a)  The  wheel  must  have  the  same  circular  pitch 

as  the  worm,  or  f ,  and,  as  the  worm  is  single-threaded,  the 

number  of  teeth  in  the  wheel  is  the  same  as  the  ratio  of 

a.  X  40 
speeds,  or  40.     Hence,  I)=  .  =  9.55*.      From  Table 

o.  141o 

34,  the  addendum  =  .3  X  f  =.23";  outside  diameter  =  9.55  + 

(2x  .23)  =  10.01,  or,  say  10';  whole  depth,  .23 -|- (.35  X  |)  = 

.23  4-.2G  =  .40'. 


(b)  The  section  of  the  worm  is  shown  in  Fig.  84. 
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(807)  See  Art.  1581.    Tangent  of  angle  of  thread  = 

circum.ofcylinder^2  X  3-l^lC  ^  a  ^  3  X  3.U16  =  18.8496. 
pitch  ^ 

The  angle,  therefore,  equals  86°  58',  nearly.     Ans. 

(808)  For  every  tooth  moved,  the  screw  would  make 
yS   of  a  turn.      For  every  turn  of  the   screw,  the   "feed" 

would  be  ^  =  1  inch.      Hence,  1  X  |  =  ^|^  =  g^  inch 

=  the  required  "feed."     Ans. 


APPLIED  MECHANICS. 

(QUESTIONS  809-858.) 


(809)  Applying  formula  156,  H.  P.  =  .0001904  R  WN 
=  .0001904  X  4.5  X  70  =  275  =10.49  H.  P.     Ans. 

(810)  From  formula  156, 

r>_  H.  P.  ^  6  _ 

~  .0001904  IVN       .0001904  X  50  X  200        '     " 

Might  use  an  arm  3^  or  3^  feet  long.     Ans. 

(81 1 )  Substituting  in  formula  1 57,  H.  P.  =  .00001586 
r  IVN=  .00001586  (24  +  .4)  X  (315  -  8)  X  160  =  19.01  H.  P. 
Ans. 

(812)  (a)  The  angle  of  advance  for  a  valve  with  neither 
lap  nor  lead  is  0°. 

(d)  Cut-off  would  occur  at  the  extreme  end  of  the  stroke 
when  the  valve  was  in  mid-position. 

(^/)  Adding  lap  would  make  the  cut-off  earlier,  since  it 
would  necessitate  turning  the  eccentric  ahead  in  order  to 
bring  the  lead  right. 

(813)  Admission,  cut-off,  compression  (on  nther  eiul), 
release  admission  and  cut-off  (on  other  end),  compression, 
release  (on  other  end).     See  Figs.  452  and  453. 

(814)  (a)     See  Art.  1606. 
{b)     See  Art.  1606. 

(815)  Increasing  the  lap  without  changing  the  angle  of 
advance  would  delay  admission,  hasten  cut-off,  and  decrease 
the  port  opening. 

(816)  First  move  the  eccentric  ahead.  This  will  hasten 
the  cut-off  and  also  increase  the  lead.     To  diminish  the  lead 

For  notice  of  copyright,  see  \y.\\"-  imni,-,'.:  ,r,.v  r, ,', .«  lu-  thf  title  ^uige. 
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and  make  it  the  same  as  before,  add  lap  to  the  valve,  which 
will  also  have  the  effect  of  hastening  the  cut-off  still  more. 

(SIT)     Inside  lap  hastens  compression  and  delays  release. 

(818)  See  Art.  1639. 

(819)  Mark  the  position  of  the  cross-head  on  the  guides 
at  the  dead  points.  This  gives  the  position  of  the  ends  of 
the  stroke.  With  the  engine  on  one  center,  say  the  forward 
center,  set  the  valve  with  the  proper  lead.  Now,  move  the 
crank  forward  tmtil  the  valve  cuts  off,  and  measure  the  dis- 
placement of  the  cross-head.  Move  the  crank  forward  until 
the  valve  cuts  off  on  the  return  stroke,  and  measure  the  dis- 
placement of  the  cross-head.  If  the  cut-off  is  earlier  at  the 
head  than  at  the  crank  end,  the  valve  spindle  is  too  long, 
and  vice  versa.  Suppose  the  valve  spindle  to  be  too  long ; 
then,  to  shorten  it,  turn  the  engine  forward  until  it  gives 
the  head  end  lead,  shorten  the  valve  spindle,  which  will 
increase  the  lead;  then,  reduce  the  angle  of  advance  until  it 
gives  the  proper  lead.  Try  the  operation  again.  The  lead 
at  the  other  end  of  the  cylinder  will,  of  course,  be  too  small, 
unless  the  engine  is  specially  designed  to  give  equal  cut-off. 

(820)  Increasing  the  lead  is  accomplished  by  moving  the 
eccentric  ahead,  which  hastens  the  action  of  the  valve,  thus 
causing  admission  to  occur  earlier;  when  the  crank  reaches 
the  center,  therefore,  the  port  will  be  open  wider,  or  the 
lead  will  be  greater.     The  only  effect  upon  the  port  opening 

Jt^  will  be  to  make  it  occur 

earlier.  It  will  not  in- 
crease the  port  open- 
ing. 

(821)     (rt)  At  mid- 
position,     where     the 
displacement   is   zero. 
The    displacement    of 
a  valve  is  measured  from  mid-position. 

{b)  The  diagram  is  shown  in  Fig.  85.  The  displacement 
of  the  valve  for  the  crank  position  is  equal  to  r  f. 
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(822)  (^)  The  port  opening  is  always  equal  to  the  dis- 
placement minus  the  lap.     See  Art.  161 1. 

{d)  See  Arts.  1613  and  1614  and  Figs.  440,  447,  and 
448,  etc. 

(823)  (rt')  See  Art.  1622.  Since  the  steam  should  not 
flow  over  6,000  feet  per  minute,  we  must  have  the  area  of 
the  port  X  6,000  =  area  of  piston  X  piston  speed  in  feet  per 
minute. 

Area  of  piston  =  18'  X  .7854  =  254.47  sq.  in. 

40 
Piston  speed  =  —  x  2  X  90  =  600. 

Hence,  area  of  port  X  6,000  =  254.47  X  600,  or 
.       254.47X600       ^_„ 
^  = 6;000 =  20.40  sq.m. 

25.45  -^  18  =  1.41",  or  l^V",  nearly.     Ans. 

(d)  Assume  a  port  opening  of  .8  of  this,  or  1.41  X  .8 
=  1.128',  say  1^'.    Ans. 

(c)  See  Art.  1623.  The  width  of  the  exhaust  port 
=  lT\  +  3  +  i--U=3r.     Ans. 

(824)  The  diagram  is  shown  in  Fig.  86.  Draw  the 
valve  circle  with  a  radius  of  2^',  and  the  lap  circle  with  a 
radius  of  |^',  allowing  j"^'  lead  as  shown.      Maximum  port 


Fig.  86. 


opening  occurs  at  crank  position  O  /v„  at  right  angles  to 
the  angle  of  advance  line  O  F.  The  port,  therefore,  is  open 
from  crank  position  O  /?„  at  admission  to  O  R,,  and  is 
being  closed  from  O  R^  to  crank  position  at  cut-oflf  at  O  /?,. 
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(825)     The  diagrams  are  shown  in  Figs.  87  and  88.     The 
crank  positions  at  cut-off  and  release  must  be  found  by  the 


Fig.  87. 

method  explained  in  connection  with  Figs.  445  and  455.  In 
Fig.  87,  O  R  is  the  point  of  admission;  O  R^,  of  cut-off; 
O  7?„  of  release,  and  O  R^,  of  compression  for  the  head  end. 

In  Fig.  88,  the  same 
letters  refer  to  cor- 
responding positions 
of  the  crank  end. 
F  F  is  the  angle  of 
advance  line  in  each 
case,  and  the  diame- 
ters of  the  outside 
and  inside  lap  circles 
are  determined  by 
drawing  these  circles 
tangent  to  the  given 
crank  positions  for 
cut-off  and  release, 
respectively. 

(826)     The  length  of  stroke  of  the  piston  must  be  known 
and  the  travel  of  the  valve,  both  of  which  can  be  determined 
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Ijy  turning  the  engine  through  a  revolution.  The  other  di- 
mensions easiest  obtained  would  be  the  lead  and  laps,  the 
former  by  measuring  when  the  valve-chest  cover  is  off  and 
the  engine  is  on  a  center,  and  the  latter  by  removing  the 
valve,  taking  its  dimensions,  and  also  the  dimensions  of  the 
valve  seat.     Having  these  data,  the  diagram  is  easily  drawn. 


Fig.  89. 

(827)  The  method  of  solving  this  problem  is  entirely 
similar  to  the  method  used  in  the  general  problem,  Arts. 
1627  to  1631.  The  diagram  is  shown  in  Fig.  89;  OF 
is  the  angle  of  advance  line. 

•  (828)     First   calculate  the  width  of  steam    ports    and 
maximum  port  opening. 

Area  of  piston  =  17'  X  .7854  =  22G.98  sq.  in. 
Area  of  port  X  G,000=  226.98  X  ^  =  24.50  --  '" 

This,  divided  by  17,  which  wc  will  assume  to  be  the  uu-m 
of  port,  gives  1.44  =  \^' ,  nearly,  as  the  width. 
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Assume  the  port  opening  to  be  .8  of  this,  or  1.44  X  .8  = 
IfV",  nearly.  To  draw  the  diagram,  draw  the  stroke  circle 
to  a  scale  of  3"  =  1  ft.,  and  the  valve  circle  full  size.  First, 
draw  the  stroke  circle,  and  lay  off  the  points  of  cut-off  and 
release.  Then,  draw  the  inner  circle  with  a  radius  equal  to 
the  maximum  port  opening,  or  IfV'-     Draw  the  lead  line  a  b 


Fig.  90. 

to  give  a  lead  =  ^^  and  describe  the  lap  circle  tangent  to  this 
line,  the  port  opening  circle,  and  the  line  representing  the 
cran-k  position  at  cut-off.  Measuring  the  diagram,  it  will  be 
found  that  the  travel  equals  4^'  +  ?  lap  =  lyV"*  angle  of 
advance  =  31^°. 

The  inside  lap  is  so  small  that  it  may  be  taken  equal  to  0. 

Before  the  section  of  the  valve  and  ports  can  be  drawn, 
the  width  of  the  exhaust  port  must  be  calculated.      It  equals 

Since  a  reversing  rocker  is  used  the  eccentric  will  be  behind 
the  crank  an  angle  equal  to  90°  —  Sl^''  =  58|°.     Ans. 
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The  throw  of  the  eccentric  should  be  equal  to  |  x  4.^  —  ^ 
Xf  =  3.G''.     Ans. 

-1 


Fig.  91. 
The  diagram  is  shown  in  Fig.  90,   and  a  section  of  the 
valve  and  ports  in  Fig.  91. 

(829)  (ci)  Piston  valves  are  used  because  the  steam  pres- 
sure upon  them  is  perfectly  balanced. 

{b)  This  type  of  valve  makes  it  necessary  to  have  a  large 
clearance  space  in  the  passages  leading  to  it,  which  is  some- 
times a  disadvantage.  They  also  offer  no  relief  to  any  pres- 
sure that  may  arise,  owing  to  water  becoming  encased  in  the 
end  of  the  cylinder  near  the  end  of  the  stroke. 

(830)"    See  Art.  1636. 

(831)  By  means  of  the  equations,  Art.  1638,  we  have 
{a)  width  of  passage  =  |(1^  -  f )  =  -^^' ; 

(^)  valve  travel  =  2  X  (U  +  i)  =  3^'; 

(O  width  of  face  =  2  X  (f  +  iV  +  i)  -  f  =  If ; 

{d)  width  of  exhaust  port  =  U  +  f  +  A  +  i  +  i 

(832)  See  Arts.  1637  and  1638. 

(833)  Draw  the  crank  circle  of  some  convenient  diam- 
eter upon  the  stroke  line  A  C(Fig.  92).  Lay  off  A  ^ equal 
to  ^  stroke  and  describe  arc  d  R^  with  a  radius  equal  to  the 
length  of  the  connecting-rod.  Draw  a  line  through  A'  O^ 
showing  the  crank  position  at  cut-off.  The  diametrically 
opposite  point  at  R'  will  be  the  crank  position  at  cut-off 
on  the  forward  stroke,  Drav/  lines  /  /  and  /'  /'  for  equal 
lead  at  each  end.  In  the  figure,  the  crank  circle  is  drawn  to 
a  diameter  of  3",  so  that  it  serves  also  for  the  valve  circle. 
Therefore,  with  a  center  upon  this  circle,  describe  the  lap 
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circle  tangent  to  O  R  and  /  /,  thus  locating  the  angle  of  ad- 
vance line  F  F'.     Now,  it  is  evident  that  the  other  lap  circle 


Fig.  92. 


which  must  be  drawn  about  F'  will  be  tangent  to  O  R\  if 
it  is  drawn  tangent  to  /'  /'.  Therefore,  O  R'  is  the  required 
crank  position  for  cut-off,  and  L  is  the  distance  the  piston  has 
moved  at  this  point  =  f|-  stroke. 

(834)  See  Art.  1648. 

(835)  {a)  and  (/;).     See  Art.  1649. 

(836)  Its  parts  are  few  and  simple,  and  it  effects  close 
regulation  for  high  rotative  speeds. 

(837)  An  inspection  of  Fig.  4G3  will  show  that  screwing 
the  two  parts  of  the  cut-off  valve  together  will  make  the  cut- 
off later,  and  vice  versa. 

(838)  Using  formula  156, 

40 
H.  P.  ==.0001904  X  7^  X  2|  X  2G3  =  .4381.'58  H.  P.     Ans. 
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(839)  See  Arts.  1652  and  1653. 

(840)  See  Art.  1657. 

(841)  For  (a),  (d),  and  (r)  see  Art.  1654.     For  (d) 
and  (4  see  Arts.  1655  and  1656. 

(842)  See  Art.  1657. 

(843)  See  Art.  1658. 

(844)  See  Art.  1661. 

(845)  See  Art.  1660. 

(846)  See  Art.  1651. 


Pig.  98. 

(847)  The  student  should  answer  this  question  briefly 
in  his  own  words.     Art.  1651. 

(848)  {a)  See  Art.  1651. 

{b)  The  same  effect  could  not  be  produced  by  this  method. 
Giving  the  valve  lead  in  this  way  would  hasten  the  release,  it  is 
true,  but  it  would  delay  the  compression  by  an  equal  amount. 
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(849)  See  Art.  1650. 

(850)  No.   Changing  the  angle  of  advance  varies  the  lead. 

(851)  See  Fig.  93.  First  find  the  crank  positions 
O  R  and  O  R'  for  the  latest  and  earliest  points  of  cut-off. 
Draw  the  lap  circle  about  C  tangent  to  O  R  and  draw  the 
lead  line  /  /.  Through  C  draw  the  horizontal  line  C  /i,  and 
with  the  compass  point  upon  this  line  draw  a  lap  circle  of 
the  same  size  as  the  former  one,  tangent  to  O  R'.  Its 
center  will  fall  at  D,  and  C  D  is  the  distance  that  the 
eccentric  must  shift.  The  port  opening  for  shortest  cut-off 
is  equal  to  O  d^  ov  ^  inch. 

(852)  The  valve  diagram  is  laid  out  for  full  gear  posi- 


KIG.  M. 

tion  as  shown  in  Fig.  94.  This  part  of  the  process  is  like 
designing  a  plain  slide  valve,  remembering  that  the  valve  is 
to  over-travel  f  of  an  inch. 

In  Fig.  95  are  drawn  the  two  link  diagrams.  In  each,  the 
eccentrics  are  drawn  with  the  angle  of  advance  found  above. 
These  diagrams  are  similar  to  and  are  lettered  the  same  as 
the  diagrams  shown  in  Figs.  473  and  474,  and  further 
explanation  seems  to  be  unnecessary. 
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(853)  (a)   See  Art.  1668. 
(^)   See  Art.  1675. 

(854)  Use  formula  158,  N'  =  35^94      ^^^  ^  ^^^.^^^ 

of  20"  we  have  ^V*  =  35,294  ^  20,  or  N  =  42.008  rev. ;  for 
a  height  of  18",  ^V=  42.28;  for  a  height  of  22",  N  = 
40.053  rev. 

(a)  44.28  —  42.008  =  2.272  rev.  increase.     Ans. 
(d)  42.008  -  40.053  =  1.955  rev.  decrease.     Ans. 

(855)  (a)  See  Art.  1674. 

{d)  Compare  formula  159  with  formula  158,  Art. 
1668.  Since  ?F equals  five  times  the  weight  of  both  balls 
together,  it  is  equal  to  10  X  B  and 

^  =  (l  +  -^)  //  =  (l  +  y )  X  1  -  1  +  10  =  11".     Ans. 

(856)  See  Art.  1676. 

(857)  Substituting  in  formula  163, 
^,_  5  4  X  5.85  X  6.5 -f  (3X5.4  X  14)  _ 


.00000114  X  10  X  240'  9  X  10 

3.4045  lb. 

Substituting  in  formula  162, 

IV=  ^  [.000028  X  240'  (4  X  5.85  X  G.5  +  3.4045  X  9  X  10 
+  3  X  5.4  X  14)  -  (3.4045  X  9  +  4  X  5.85  +  3  X  5.4)] 
=  115  lb.     Ans. 

(858)     See  Art.  1591. 
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nearly.     Ans. 


(859)  See  Arts.  1698  and  1702. 

(860)  See  Arts.  1764  to  1791. 

(86 1 )  Applying  formula  1 68, 

-  i/ZZZZH  -  i/80  X  15  X  12  X  3  ^  3_, 
~  ^  1,600,000  ""  '  1,000,000         ~  16 

(862)  Applying  formula  1 77, 

(863)  Applying  formula  184, 

(864)  {a)  Using  formula  1 90, 
/!=14,500X.80+02,032^.08-^)=16,097.32B.T.U.  Ans. 

(d)  Using  formula  189, 

W'=11.6X  .80 +  34.8  (.08-^)  =  11.8  lb.     Ans. 

(865)  Since  the  number  of  B.  T.  U.  contained  in  the 
gases  is  directly  proportional  to  the  temperature,  600°  —  250" 
=  350°  may  be  considered  to  represent  the  amount  of  heat 
saved.     Then, 

350^2,800=  .125  =  12.55^.     Ans. 

(866)  From  Table  41,  the  factor  of  evaporation  for  120° 
feed  and  80  lb.  pressure  =  1.131;  for  120°  feed  and  90  lb. 
pressure  =  1.133;  hence,  the  factor  for  120°  feed  and  85  lb. 
pressure  is  evidently  1. 132.     In  a  similar  manner  it  is  found 

I'or  notice  of  copyright,  see  puge  imraeUi.r  wing  the  title  page. 

1/.  K.      M.—.i(l 
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that  for  130°  feed  and  85  lb.  pressure,  the  factor  is  1.121, 
Consequently,  for  a  difference  of  10*^  in  the  feed,  difference 
in  the  factors  is  1.132  —  1.121  =  .011  =  .0011  for  a  difference 
of  1°.  127°  -  120°  r=  7°,  and  .0011  X  7  =  .0077  =  difference 
for  a  difference  of  7°.     Hence,  the  factor  for  127°  feed  and 

85  lb.  pressure  =  1.132  -  .0077  =  1.1243,  and  ^^^^^^^^-^ 
=  94.3  H.  P.     Ans. 

(867)  From  the  table  of  the  Properties  of  Saturated 
Steam,  the  latent  heat  of  steam  at  80  lb.  gauge  pressure  is 
88G.59,  and  the  temperature  is  323.71.  Applying  formula 
204,  and  substituting, 

(868)  From  the  steam  table,  the  volume  of  a  pound  of 
steam  at  75  lb.  gauge  pressure  is  4.811  cu.  ft.  Then,  the 
area  of  the  cross-section  of  the  pipe  must  be 

7,200  X  4.811  X  144 


4,000  X  60 


20.78  sq.  m.. 


3 
and  the  diameter  not  less  than  5-—".     Ans. 

10 

(869)  This  example  might  be  worked  by  applying 
formula  186  for  each  pressure;  but  since  there  is  a  constant 
difference  of  5  lb.  between  any  two  consecutive  pressures, 
there  will  also  be  a  constant  difference  between  any  two  con- 
secutive graduations,  and  the  example  may  be  worked  as 
follows:  Applying  formula  186  for  a  pressure  of  40  lb., 
^__  4.5  (40  X  12.5GG4  -  8.5)  -  21  X  19  ^  ^^^^^,      ^^^_ 

Applying  again  for  60  lb., 
^^  4.5  (60  X  12.5664-8.5)  -  21  X  19  ^  ^^^^,^     ^^^_ 

^,         27.62-17.05       ^^,1.         ,.  ,  ,  .  ,  .   ,, 

Then, =  2.64—    =  distance    which    weight 

4  4 

must  be  moved  in  order  to  produce  a  difference  of  5  lb.  per 
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sq.  in.  in  the  blow-off  pressure.      Hence,  for  a  blow-off  pres- 
sure of  45  lb., 

^  =  17.05  -f  2.  Ga\  =  19. G9'.     Ans. 

For  50  lb.,  d-  17.05  +  2.04^  X  2  =  22.34'.     Ans. 

4 

And  for  55  lb.,     ./=  17.05  +  2.64^- X  3  =  24.98'.     Ans. 

4 

(870)  See  Art.  1695, 

(871)  (a)     4  ft.  3  in.  =4.25  ft.     Total  force  exerted 

12  X  4.25  X  144  X  80       ooi  .yrn  ik       Ar.. 
along  one  seam  = =  293,760  lb,     Ans. 

{b)     Total  force  along  a  girth  seam  =  4.25"  X  .7854  X  80 
X  144=163,420  lb.     Ans. 

1,872)     {a)to{d)     See  Arts.  1736  to  1739. 

{e)     The  double-riveted  butt  joint.     (See  formula 
171.) 

(873)  Applying  formula  179, 

.^  =  .885^|/?=  .885  X  4/5^=  13.42',  say  12y'.  Ans. 
p  4  i4U  <t 

(874)  {a)  and  {b)     See  Arts.  1764  and  1765. 
{c)     See  Art.  1 770. 

{d)     See  Art.  1772. 

(875)  {a)     See  Art.  1804. 

{b)     SeeArt.  1805.     (r)  400 X. 4 =160 lb.  Ans. 
{d)    SeeArt.  1805. 

(876)  Using  formula  193, 

y;     y;     400  +  00    4004-580 

(877)  SeeArt.  1833. 
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(878)  Using  formula  205, 

20.5  +  ^ 

(879)  See  Art.  1894. 

(880)  See  Arts.  1698  to  1703. 

(881)  (a)  Force  ^  ^5  X  4^  X  12  ^  ^^^^^  ^^      ^^^ 

(^)     Forcer:::  1,755-^2  =  877.5  lb.     Ans. 

(882)  See  Art.  1 740. 

(883)  Applying  formula  178, 

^=l.lSay^  =  1.13  X  3.75f -7^  =  .758',  say  I".  Ans. 
'    7  4,000  4 

(884)  From  Table  41,  the  factor  of  evaporation  for  a 
feed  temperature  of  65°  and  a  pressure  of  85  lb.  is  1.189;  for 
a  feed  temperature  of  200°  and  the  same  steam  pressure,  it 
is  1.049.     Hence, 

1.189-  1.049        ,,„       ,,  „^       ^ 
gam  = ,  _,„„ =  .118=11.8^.     Ans. 

(885)  Applying  formula  190, 

^  =  14,500  X  .94  4-  62,032  (.01  -  -^^  =  14,095.24  B.  T.  U. 

14,095.24  ^  966.1  =  14.59  lb.  Ans. 

(886)  Applying  formula  192, 

^       ^/7.6       7.9\       ^^    /       7.6  7.9        \       3^       , 

^  =  ^(7;-x)  =  ''Hw+65-46oqr420-j  =  4     "^ 

water,  nearly.     Ans. 

(887)  See  Arts.  1832  and  1813. 

(888)  See  Arts.  1859  to  1867. 

(889)  See  Arts.  1897  and  1898. 

(890)  See  Arts.  1707  to  1709  and  Art.  1879. 
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(891)  Applying  formula  165  and  taking  -j  —  9,500, 

y>^^     1X110X38     ^3,.^3„ 
2  5,  J      2  X  9,500  X. 60  8 

(892)  See  Arts.  1740  and  1741. 

(893)  Using  formula  178, 


/  =  1.13«|/^  =  1.13  X  4.5  |/g^  =  .719",  say  |".   Ans, 

(H94)     (rt)  120  X  30  =  3,600  lb.  of  steam  per  hour. 
Applying  formula  188, 

.hw         .5X3,600       _.        .  . 

^=^+To-    70  +  10    -^^-^^q-^"-    ^^• 

(^)    22.5  X  70  =1,575  lb.     Ans. 

(895)  See  Art.  1802. 

(896)  {a)  Applying  formulas  197  and  194, 

^/ =  13. 54  V^  +  4  =  13. 54  y  1^^;^:- +  4  = 

13.54/ii^i^  +  4=65.3".     Ans. 
/105 

{b)     Applying  formulas  196  and  194, 

5=12|/5^^  +  4  =  58.3".     Ans. 
i/l05 

(897)  Using  formula  202,  in  which  W=  150  X  34.5, 

G  =  2L  =  ^^QX  3-^^  ^  31,55  sq.   ft.     31.55  X  36  =  1,136 
J't        If)  X  10.25  ^  c.       X 

sq.  ft.     Ans. 

(898)  See  Arts.  1868  to  1873. 

(899)  Applying  formula  200, 

F=  2.25  4/77=  2.25  |/T35  =  26.14  lb.  of  coal  per  sq.  ft.  of 
grate  per  hour.     Then,  26.14  X  3.5  X  5  X  10  =  4,575  lb. 

Ans. 

(900)  See  Arts.  1717  to  1721. 
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(901)  Applying  formula  165, 

f  _fpd  ^  4  X  140  X  13  X  12  _  _15^ 

%Sj        2  X  64,000  X  .72    "  10  '  ' 

(902)  Applying  formula  170, 
{d)  Applying  formula  172, 

ic)  Applying  formula  1 73, 

/i-d        8       4 
J  =  — ^—  = 3 —  =  .  78  =  78^.     Ans. 

(903)  Using  formula  1 79, 

a  =  .885  dy^  =  .885  X  1  /-^^  =  o.G'.     Ans. 
/  loO 

(904)  See  Arts.  1773  to  1782. 

(905)  11.6  X  .95=  11.02  lb.  of  air  required  per  pound 
of  coal.  Then,  since  1  lb.  of  air  at  02°  has  a  volume  of 
13.14  cu.  ft.,  the  total  number  of  cubic  feet  to  be  furnished 
per  minute  = 

11.02  X  1^  X  13.14  X      ^  "  ,         =  1,042.6  cu.  ft.     Ans. 

/i  dO 

(906)  (a)  From  Table  38,  632  H.  P.     Ans. 

(d)  Applying  formulas  195  and  194,  we  have,  since 
3  ft.  8"  =  44", 

H.  P.  =3.3SEi/77  =  S.33{A  -.6i^)i/77  = 


3-33(j-|^-.6f— j|/80  =  336H.P.     Ans. 

(907)  From  Table  41,  the  factor  of  evaporation  for  a  feed 
temperature  of  120°  and  a  steam  pressure  of  105  lb.  gauge  = 
1.137;  and  for  200°  feed  and  1051b.  gauge  =  1.054.     Then, 

gain  =       '  .^^37         =  .  073  =  7. 3^.     Ans. 
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(908)  See  Arts.  1876  and  1877. 

(909)  (See    Art.     1900.)       300x30  =  0,000    lb.     of 

water  required  per  hour.     Adding  15^^  for  emergencies  and 

20^   for  leakage  of    water   past  the   piston,   etc.,   9,000  + 

12  150 
9,000  (.15  +  .20)  =  12,150  lb.  per  hour  =  — rV^—  =  194.4  cu. 

ft.  per  hour.     Assuming  the  pump  to  make  40  strokes  per 

,      ^.     ,  ,  194.4X1,728       ^.^ 

mmute,  the  displacement  per  stroke  =  — —■ —  =  140 

'  "^  00  X  40 

cu.  in.     Taking  the  stroke  as  twice  the  diameter, 

d'  X  .7854  X  2  ./=  140,  or  ^  =  V  ^  x^^7854  "  ^'^'^'^  ^^  4'' 

Then,  stroke  =  4-  X  2  =  9'.     Ans. 

z 

(910)  See  Art.  1716. 

(911)  In  Art.  1366  it  is  stated  that  a  cylinder  is 
twice  as  strong  against  transverse  rupture  as  it  is  against 
longitudinal  rupture.  Since,  in  example  901,  the  efficiency 
of  the  joint  is  72j^,  the  relative  strengths  of  the  two  seams 

are  -r—  =  -,  i.e.,  the  girth  seam  is  twice  as  strong  as  the 

1  X.72      1  ^  ^ 

longitudinal  seam. 

(912)  See  Arts.  1744  and  1745. 

(913)  Applying  formula  180, 

a-l.l6y   y-cosib'-^-^-^^  COOOcoslS'^  -..Hl.say^^. 

\  ■  . 

(914)  Applying  formula  185, 

40 

„,_.(;>^-n/)-HV_^(^^^^'^'><--^'^^-^>-^-XT_ 

'^~  d  ~  40  ~ 

2o'.t.-2  11).     A-.is. 

(915)  See  Arts.  1806and  1807. 

(916)  The  easiest  and  most  accurate  way  to  solve  this 
example  is  as  follows:  Let  //,  /„,  and  T^  represent  the  height 
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and  absolute  temperatures  before  the  economizer  is  intro- 
duced, and  //"',  T„,  and  TJ  the  same  quantities  after  the 
economizer  has  been  introduced.  Then,  since/  is  the  same 
in  both  cases, 

Solving  this  equation  for  H\ 

rr,  _     r(7.6  7;-7.9r„)7;rn 
-^L(7.6r,'-7.9  7;)7;7;J- 

Substituting   for   the  letters  their  values  and  canceling 
the  two  factors  7"„, 

H'  -  nnr(7-6X  1,080 -7.nx  520)  730n  _  ..o  o  ., 
^    ~  ^^L(7.6  X  730  -  7.9  X  520)  l,08oJ  "  ^^'^'^  ^^^ 
Hence,  the  additional  height  =  173. 2  —  90  =  83. 2  ft.     Ans. 

(917)  See  Art.  1839. 

Applying  formula  203,  we  have 

(g-/  +  32)  ^  1,182.833  -  113  +  32  ^ 
^   ^  966.1  966.1 

(*)y8MW^^W?  =  1.1874     Ans. 

(.)M52:^?|^:il+^=  1.1758.     Ans.  " 

M68.C26-158+3a^^^^^^      Ans. 
9oo.l 

(918)  See  Arts.  1878  and  1879. 

(919)  See  Art.  1896. 

(920)  See  Arts.  1722  to  1728. 

(921)  (a)  and  (^)  See  Art.  1750. 

{c)     The  spherical  vessel.     Art.    1366. 

(922)  See  Arts.  1748  and  1749. 

(923)  Using  formula  181, 

'   6,000        '  6,000  '      '    8 
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(924)  Applying  formula  1 86, 

a{pA-  WJ-  W^c  _  4 (110 X 5' X ■  7854  -  8)  -  12  X  20 
W  ~  265 

=  31.6'.     Ans. 

(925)  See  Art.  1808. 

(926)  Applying  formula  200, 

{a)     2.25  \/TT=  2.25  i/80  =  2%  lb.  per  sq.  ft.  of  grate  per 

o 

hour.     Ans. 


{b)     2.25  4/115  =  24-  lb.  per  sq.  ft.  of  grate  per  hour.  Ans. 

o 

(927)  See  Arts.  1840  to  1852. 

(928)  See  Art.  1880. 

(929)  {n)  At  65  lb.  gauge  pressure  the  latent  heat  of 
steam  is  (see  steam  table)  895.296  B.  T.  U.,  and  the  tem- 
perature is  311.605°.     Applying  formula  204, 

e=r[^('.-'.)-('-o]  = 

sSsWC^  (ISO  -  40)-(311.605  -  120)]  =  1.00346.  Ans. 

{b)  The  answer  to  {a)  shows  that  the  steam  is  super- 
heated, and  the  number  of  degrees  of  superheat  can  be 
determined  by  means  of  the  expression  given  in  Art.  1853. 
Thus, 

jQ-l)  I  ^  (1.00346  -^1)  895.296  ^  ^  ^.^  ^^^^^^      ^^^ 

(930)  See  Arts.  1 725,  1 726,  and  1 7 1 4. 

(931)  Applying  formula  167,  and  substituting  12,000 
for  ^, 

o/C  .,      2X^X12,000X.66 

p=     j"'^  = — TT =ll81b.persq.in.  Ans. 

fa  4a 
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(932)  Solving  formula  174  for/,  and  substituting, 

3/^5       3  X  (^j  X  10,000 
P  —  -^^  = 2  ^  24' =  0.5  lb.  per  sq.  in.     Ans. 

(933)  Applying  formula  182, 

^      6,000^^       0,000X7.5'       ,  .^  ^  ,, 

/  =  — Yi^ —  =      j^Q  ^  ^2'     ~  ^^^-^  ^°-  P^'"  ^*^-  ^"-     ^"^■ 

(934)  See  Arts.  1783  to  1791. 

(9351     See  Arts.  1820,  1812,  and  1823. 

(936)  Applying  formula  199, 

^=  1.5  ^-  1,  or  //=  {^-±1)  =  (il±i)'  =  XOO  ft. 

Ans. 

(937)  {a)     See  Art.  1841. 

(/;)  Total  heat  of  1  lb.  of  steam  at  GO  lb.  gauge 
pressures  1,175.025  B.  T.  U.  Heat  units  required  to  va- 
porize the  water  at  52°  into  steam  at  00  lb.  gauge  =  1,175.625 
-  52  +  32  3=  1,155.025  B.  T.  U. 

^rr.  .     •  1,155.025X175,000      „^  ^ ^       . 

Efficiency  =  -^ =  78.8^.     Ans. 

•^  19,000X13,500  ^ 

(938)  See  Art.  1866. 

(939)  See  Art.  1861. 

(940)  See  Art.  1712. 

(941)  See  solution  to  (l;),  example  929. 

((2 -l)/_  (1.0148-1)884.08, 

.48  .48  -^^.^•'  .     ^ns. 

(942)  Solving  formula  174  for  /  and  applying, 

/      i/^^      i/3X  17^  X  75       ^  _,,        . 
'=^-JS-=^     3X5,000     =^-^'     ^'''' 

(943)  Applying  formula  183, 

^  k,  ^^•'^ X (i4)'  „,,,       .    , 
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(945)     — — 7-7 — -  =  116-  lb,  of  coal  per  minute. 


(944)  See  Arts.  1794  and  1800. 

(945)  ^^^  =  1^ 

Applying  formula  191, 

12xlir>|x230 
''■^■  =  &!m}=    33.000  X. 625    =^^-^lH.P.    Ans. 

(946)  Ji222_  =  21  sq.  ft.     Ans. 
9-  X15 

(947)  (a)     lW152|il?£:«Hi  =  209,331  lb.     Ans. 

(If)     200,331 -=- 19,000=  11.02    lb.    per    pound  of 
coal.     Ans. 

(c)     209,331  H-  (19,000  X  .93)  =  11.85     lb.     per 
pound  of  combustible.     Ans. 

20Q  331 
U)     Horsepower  =.,,  ,      L  =  275.8  H.P.    Ans. 
^    ^  ^  34.0  X  22 

(948)  See  Arts.  1881  to  1883  and  1698  to  1 703. 

(949)  Applying  formula  190  to  find  the  heat  of  com- 
bustion, //  =  14,500  X  .643  +  62,032  ^.042  -  '-^\  =11,153.5 

B.  T.  U.      1 1  cat  required  to  change   1   lb.  of  water  at  100° 
into  steam  having  a  temperature  of  240°  is  found  from  the 

steam  table  to  be  1,087.14  B.  T.  U.     Hence,  ^^'^^'^^^  =  10.26 
lb      Ans. 

(950)  From  Table  41,  the  factor  of  evaporation  for  55° 
Iced   and   40  lb.  gauge   pressure   is    1.187.     Consequently, 

935  X  1. 187       o »  >  u    r.  .  ^ 

— — =  32.2  H.  P.  nearly.     Ans. 

o4.o 

(951)  Applying  formula  166, 

3 
2/5       ''^  ^  8  ^  12,000 
/  =    ^  ,'  = ^ =  300  lb.  per  sq.  in.     Ans. 
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(962)     Applying  formula  176, 

^_^./7_20.A~30~_l.      ^ 
2^  5  ~   2^  12,000  ~2   '     ^"^• 

(953)     Applying  formula  184, 


7_4i/:ilO  _..,  9 


(954)  18-11.8  =  6.2   lb.    free   air.       8  +  6  =  14^   of 

hydrogen  and  oxygen.     Then,  N  — —  =  .08  —  —-  =.0725  = 

8  8 

7.25^  free  hydrogen.  Therefore,  percentage  of  water  = 
14  —  7.25  =  G.75^,  and  the  composition  of  the  fuel  may  be 
written  C=  80^,  //=  7.25^,  water  6.75^,  and  ash  0^.  The 
products  of  combustion  are  : 

Carbonic  acid 80  X  3.67  =    2.936  lb. 

Water  (steam) .  .  .0675  +  .0725  X  9  =    0.72    lb. 

Nitrogen    ,   11.8  X  .77  =    9.086  1b. 

Free  air =    6.2      lb. 

Ash    =    0.06    lb. 

Total =  19.00    lb. 

Then,  as  in  Art.  1802, 

16,097.32-  .72x966.1 _ 

~2.936  X.217+.72X. 4805 +  9.086  X. 2438  +  6.2  X. 2375  ~ 
3,297°.     Ans. 

(955)  See  Arts.  1816  and  1814o 

r^r^^     28,930X1.1243       -.^.oiu     r       ^  if 

(956)  — - — TTon ~  10.43  lb.  of  water  per  pound  of 

coal  from  and  at  212°.     Ans. 

(957)  See  Art.  1853. 

(958)  See  Arts.  1887  to  1893. 
Applying  formula  206, 

/  =  0.0001/^+ i  =  0.0001  X  105  X  4^ +  ^"=.172", 

11"  A 

say-'.     Ans. 


MACHINE  DESIGN. 

(QUESTIONS  959-1023.) 


(959) 

(960) 
(961) 

(962) 
(963) 


See  Art.  1910. 

See  Art.  1911. 

(a)  See  Art.  1915. 

{I?)  See  Art.  1912. 

See  Arts.  1924,  1925, 1927,  and  1928. 

From  Table  43  the  number  of  threads  per  inch 
corresponding  to  the  diameters  given  are  13,  9,  7,  and  4^, 
respectively.     Applying  formula  211: 


d=d- 


13, 


=     -z  —  ^r:T~    .4-      Ans. 


13 


d-^-^'  =    1-1:^'  = 


.731'.     Ans. 


d=d-—'=^\\-  1^'=  1.064'. 
•  «  4         7 

^-^_L^'=  2   -^'=1.711'. 
'  n  4^ 

(964)     (a)     Apply  formula  208. 


Ans 


Ans. 


For    \'  diameter,  /  =  .24 1/  .25  +  .625  -  .175'  =  .0495' 
For    I*  diameter,  /  =  .24  i/.625  +  .625  -  .  175'  =  .0933' 
For  1'    diameter,  /  =  .24 1^      1  -|-  .625  —  .175'  =  .131'. 
For  1^'  diameter,/  =  .24  ^  1.5+  .625  -  .175'  =  .175'. 
Now,  applying  formula  210, 
1 


n  — 


»  = 


.0495 

1 
.0933 


=  20.2,  say  20  threads  per  inch.  Ans. 
=  10.7,  say  11  threads  per  inch.  Ans. 


For  notice  of  copyriKlH,  see  page  immediate-: 
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«=  — -—  =  7.G,  say  8  threads  per  inch.   Ans. 
n=   — —  — -  5. 7,  say  6  threads  per  inch.   Ans. 

.  i  i  o 

{b)     By  tormula  21 0,  w  =  -;  or,  j>  =  -.      Hence, 

1 

p  =  — "  =  pitch  for    Y  screw.     Ans. 


Ans. 


/  =  —"=  pitch  for    I"  sere 

/>  =  ~"  =  pitch  for  1"    screw.     Ans. 
8 

/  =  -"  =  pitch  for  1^*  screw.     Ans. 

(965)  {a)     See  Art.  1931. 
{^)     I'- 3-^".    Ans. 

(966)  See  Art.  1930. 

(967)  From  Table  25,  the  ultimate  tensile  strength  of 

wrought  iron  is  55,000  lb.  per  sq.  in.      From  Table  28,  the 

factor  of  safety  for  a  varying  stress  is  G.      Hence,  the  safe 

...     55,000           ,    ^^  ^^,^       55,000 
stress   per   square   inch    is  — ,    and    11,800  -. —  = 

]  1,800  X  6      ^  -„^^  .  .    u  ..  c    .-u       A 

— ,  ^  ^,^,, —  =1.2873    sq.    in.  =  area    at    bottom    of    thread. 
5o,000 

From  Table  43,  the  nearest  area  in  the  last  column  is  1.2928 

sq,  in.,  corresponding  to  a  nominal  diameter  of  1^*.     Hence, 

the  bolt  should  have  a  diameter  of  1.^".     Ans, 

(968)  Using  formula  217, 

11,800      ,  ^,,^ 

^=-M)oo^'-^'^'^-^"- 

From  Table  43,  the  nearest  diameter  corresponding  to  this 
area  is  IJ".     Ans. 

The  reason  that  this  diameter  should  be  used  instead  of 
that  calculated  in  the  last  example  is  that  the  bolt  is  greatly 
weakened  by  the  sharp  corners  left  by  the  thread  cutting  tool^ 
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and  the  strength  is  not  equal  to  that  of  a  round  bar  whose 
diameter  is  the  same  as  the  diameter  at  the  bottom  of  the 
thread. 

(969)  Using  formula  218, 

d  —  .0228|/12,000  =  2i'.     Ans. 

4 
^  =  2.5  X  ^  =  2'.     Ans. 
o 

Using  formula  219, 

12,000        ,^,,         ,         . 
«.  =  :t77t — -^1  —  10  threads.     Ans. 
'      300  X  1 

(970)  The  dimensions  of  both  head  and  nut  are  the 
same.      Hence,  apply  formulas  220-226. 

Height  of  head  or  nut  = 

"-   -  8       IG  -  16  •     ^''^- 
Diameter  of  nut  or  head  across  flats  = 

Diameter  of  nut  or  head  across  corners  = 

D^  =  1.73  X  ^'  +  .07'  =  1.58'.     Ans. 

Diameter  of  washer  = 

Z?.  =  1^  X  1.58'  =  1.78',  say  l||'.     Ans. 

Thickness  of  washer  = 

/    =.15x|'=.13',  say  ^'.     Ans. 

Fig.  605  shows  the  manner  of  representing  the  bolt,  ex- 
cept that  a  hexagonal  head  is  to  be  shown  instead  of  a 
square  one,  and  the  letters  are  to  be  replaced  by  the  <!'•>- 
calculated. 

(97 1 )  In  the  last  example,  D  was  found  to  be  If.  1  i^ 
other  dimensions  are  readily  obtained  from  Fig.  606.  The 
student  should  give  the  handle  of  the  wrench  a  slight  taper 
to  improve  the  looks. 
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(972)     From  Table  28,  Art.  1362,  the  factor  of  safety 
for  a  varying  stress  is  G   for  wrought  iron.      Hence,  area  of 

55  QQQ 

cross-section  of  eye  bolt  =  2,500  -. =  .273  sq.  in.    The 


=  d=V--^^'     -      «■ 


corresponding  diameter  =  d  =  y  ■'         =.59",  say—'.     Ans. 

.7854:  o 


Applying  formula  227, 
<  =  .8> 

1  1       /5\' 

Taking  a  b equal  \.o  -d'^^ab  =  -y^  ( -  )  =  .195  sq.  i 
/O  i         \8  / 


<  =  .8x|=]''.     Ans. 


If  we  assume  that  a  =  —  byab=^—b'*y  and  b  =  4/.  195x2  = 
.624',  say  I".     Ans. 

o 

15        5 
"Whence,  a  =  -x  ^=^'-     Ans. 

(973)  See  Art.  1944. 

(974)  See  Fig.  623.  Take  height  of  thin  nut  as 
one-half  that  of  outer  or  standard  size  nut. 

(975)  Both  devices  increase  the  friction  between  the 
threads  of  the  screw  and  the  threads  in  the  nut;  in  this 
respect  the  principle  is  the  same  in  both  devices. 

(976)  Taking  d  as  1^",  the  various  dimensions  are 
readily  obtained  from  Fig.  G42.  The  student  may  supply 
any  dimension  that  is  omitted,  taking  such  dimensions  as  be 
deems  best. 

(977)  Applying  formula  233, 

b=^X4:  =  l'.     Ans. 
4 

.       1         .         2,  11,         . 

/  =  -  X  4  =  —  ,  sav  —  .     Ans. 
6  3  '    ^  16 

(978)  Applying  formula  233, 

/^  =  1  X  12  =  3'.     Ans. 
4 

/  =  ^  X  12  =  2'.     Ans. 
o 


MACHINE  DESIGN.  323 


(979)     Applying  formula  235, 


^  =  .2  X  2^  +  .IG  =  .65',  say  ^'.     Ans. 
/:=.1X2^  +  .16  =  .4',  say  ^'.     Ans. 

(980)  Applying  formula  237, 

1.5         l._l,       . 
*-T    +16-4-     ^"'• 

32<1:5        1_5_5  3,^     Ans. 

Mj        ^16        16  '      ^   8 

(981)  Applying  formula  238, 

Using  formulas  236, 

^=l|^'  =  .42',say^'.     Ans. 

.      126,        1,       . 
/  =  —^'  =  -  .     Ans. 
5  4 

(982)  Area   of    rod    corresponding    to    diameter   </,  = 

Hence,     <  = /^  =  1-22',  say  1  ^'.     Ans. 

From  formula  239, 
</,  =  .816</.or</=-4  =  ^»  =  1.53'  =  lg-.     An. 

The  remaining  dimensions  are  readily  calculated  by  using 
formula  239.  The  dimension  d  in  Figs.  656  and  658 
should  extend  to  the  top  of  the  cotter  instead  of  to  the  top 
of  the  slot,  as  shown.  The  student  may  take  d  as  the  depth 
of  the  cotter. 

(983)  Applying  formula  241, 

./      10,000 
^=  ^-^^  1/14,000x400=  ^'"^"^^y-     ^""^ 

Hence,  /  =  ^^^  =  8. 33',  say  8  |'.     Ans. 

I/.  /:     I  /      .'/ 
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(984)     Applying  formula  244, 


J         15,000 

1.06  r- 


""=  '-''  ^  ^14,000X1,200  =  •^''  ^'^''y-     ^^'- 
Using  formula  245» 

15,000     _     1, 
^-2X1,200-S-     ^'''• 

(985)     From  formula  246, 


s/T  s/    9   K  19 

^^  =  ^|/ ^=1  5  f -^1^  =  1.583',  say  1  32*.     Ans. 
(986)     Applying  formula  25 1 , 


<  =  i/g.   I       15,^>QQ      =  10. 9%  say  10 1^     Ans. 
'    15  X  >-  X  6  « 

Since  /  =  . 8  ^,  and  ^  =  '^- ~ '^,  /*  =  -^K  -  ^)  ^.4  (xo J  _  8) 
=  1.15",  say  1-|'.    Ans. 

(987)  Applying    formula    249,    second    column    of 

Table  47, 

d=  .074/1,200=  2.425',  say    2^".      Ans. 

4 

(988)  (a)  Apply  formula  256.     Here,  m  =  -;  hence, 


d  =  10  y- \-r-  =  10.38',  say  lo|*.     Ans. 

'  1  —  (4)  4  ■'        8 

4 
{d)  Diameter  of  hole  =  10.38'  x  sr  =  6",  nearly.     Ans. 

(c)  Weight  of  solid  shaft  per  foot  of  length  = 

•^^^^,^^^'  X  490  =  267  lb.,  nearly. 
144  ' 

Weight  of  hollow  shaft  per  foot  of  length  = 

^^5511(^11^^X490  =  191  lb.,  nearly. 
144  -^ 

Difference  =  267  -  191  =  76  lb.  per  foot.      Ans. 
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(989)  (^)  Using  formula  208, 

p  =  .-U  4/3.25 -f  .G25  —  .175  =  .3',  nearly. 
By  formula  210, 

ti  =  \  =  3.333,  say  3-^. 

1         I        2' 
Then,        p=-  =  -—z=--.     Ans. 
^       n       3.0       7 

(/^)  Using  formula  212, 

p  =  X  =  \A\  say  l|'.     Ans. 

(<:)  Using  formula  215, 

/  =      ^,      =  1.6',  say  1-'.     Ans. 

(990)  {(j)  Using  formula  210  for  each  case, 

,       2       .,1  -.,3       8,  .,58. 

;/  =  1-^^=3^;  «-l^lg=-^.and«  =  1-1-  =  -.    Ans. 

{b)  Using  formula  211  for  the  first  case, 

<  =  ./-—'  =  3.25'  -  ^'  =  2.879'.     Ans. 
*  n  3.0 

For  the  second  case,  it  will  be  remembered  that  /  =  — /; 

hence, 

^»  =  ^-2(|/)  =  ^-/  =  7'-l|'  =  5|'.     Ans. 

3         3 

For  the  third  case,  /=■-/=  -/;  hence, 
1      4  4 


y  ^  ./ 


2/|/)  =  ^-  1.5/=  12  -  1.5  X  1.625  =  9^'.   Ans. 

(991)  See  Art.  1930. 

(992)  See  Art.  1935.     Using  formula  217, 

15,600       ^  ^        , 

^=-6:oo(r=^-^^^-^^ 

Referring  to  Table  43,  this  area  lies  between  the  areas 
corresponding  to  diameters  of  2'  and  2^';  choosing  the 
larger,  the  outside  diameter  should  be  2J'.     Ans. 
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(993)  From  Table  43,  the  effective  area  of  a  4-inch  bolt 
is  9.993  sq.  in.  Referring  to  Art.  1935,  and  using 
formula  217, 

W=aSt  =  2x  9.993  X  8,000  =  159,888  lb.,  say  80  tons. 

Ans. 

(994)  {a)  Using  formula  218, 

d=  .02284/3,600=  1.368",  say  If.     Ans. 
{d)     Using  formula  219, 

«,  =  .0052  X      '  ^^,  =  9.89,  say  10  threads.     Ans. 

(995)  Applying  formula  217,  and  taking  5^  as  6,000 
lb.  per  sq.  in., 

3,200 

^  =  6;ooo  =  -^'^^'^'^"- 

From  Table  43,  the  nearest  diameter  is  1*. 
Applying  formulas  220,  221,  224,  and  226, 

1  19 

Z)  —  1-  V  1"4-— "— 1  — "       Ans 

/,_/,_!____.      Ans. 

Z>,  =  2.12  X  1"+. 09"  =  2.21".     Ans. 
The  student  can  readily  make  the  drawing  by  referring 
to  Fig.  605.     Omit  the  washer. 

(996)  The  dimensions  are  readily  obtained  by  aid  of 
formula  229. 

(997)  (a)     Using  formula  233  for  all  three  cases, 

,1,1       A       7,       . 
^  =  4^=4^%=  8-     ^"^• 

^=^^=|x4=f;'-^iV-  ^- 

{i)  ^  =  1x5  =  1^".     Ans. 
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(998)  Each  key  takes  up  1,000  -r-  2  =  500  H.  P.     Hence, 
applying  formula  232, 

18  //  _      18  X  500      _       ,  ,       . 

^-7^77-iOxiox50-^-^''^y^-    ^"' 

/  =  |^^|x2=l. 333',  say  l|'.     Ans. 

(999)  For  the  driven  pulley,  apply  formula  234. 
*=?ii£'  +  i'  =  .64',  5ay|'.     Ans. 

For  the  driving  pulley,  apply  formula  235. 

^  =  .2x  4. 5' +  .10' =  1.06',  say  1—'.     Ans. 

/  =  .l  X  4.5'  +  .16'=.61',  say  I'.     Ans. 

o 

(1000)  Using  formulas  237, 

'  =  ^^'  +  fc  =  -^«''-y|'-    ^- 

3 

(1001)  It  is  evident  that  a  3-' shaft  will  transmit  a 

great  deal  more  than  6  H.  P.  at  135  R.  P.  M.     Hence,  using 
formulas  238  and  236, 


d  -  5V -1^  =  1. 77'.     Therefore, 
lo5 

,       1.77        ^^,  5,        . 

b  =  — ^r-  =  .  59  ,  say  -'.     Ans. 
o  o 

t  =  ^  =  .  354'.  say  y.      Ans. 
5  o 
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(1002)  The  calculation  of  d,  d^,  and  the  other  dimen- 
sions  is  in  all  respects  similar  to  that  required  in  example  982. 
The  various  dimensions  in  the  figure  may  be  obtained  by 
using  formula  239. 

5 

(1003)  According  to  Art.    1969,  bt  should  equal - 

times  the  sectional  area  of  the  strap,  and  t  ^  —  b.     Hence, 

1  5       3 

^  X  r  <^  =  T  X  r  X  3.5;    or,    ({'''  =  13.125    sq.    in.,    and    b  =. 
4  4       4 

5 


-/13.125  =  3.623',  say  Z-'.     Ans. 

o 


.      1/1       „5       29,  15, 

The  other  dimensions  are  readily  obtained  from  Fig.  661, 
and  the  drawing  can  be  made  by  referring  to  it. 

(1004)  Art.  1969  states  that  b  may  be  made  equal  to 
d  when  a  steel  cotter  is  used  in  a  wrought-iron  rod.    Hence, 

b  =  d='iL\     Ans. 

Ad 

Also,  t  =  \b=\Y,^  =  %'.     Ans. 

4  4         2       8^ 

(1005)  From  Table  43,  the  area  at  the  bottom  of  the 
thread  for  a  3^"  standard  screw  is  7.55  sq.  in.  Referring  to 
Art.  1935,  it  would  not  be  advisable  to  take  6"^ greater  than 
4,000  lb.  per  sq.  in.  in  this  case.  Hence,  PF=  aS^^  7.55  X 
4,000  =  30,200  lb.  =  load  which  rod  may  safely  carry.   . 

When  held  by  a  cotter,  the  rod  is  weakened  owing  to  the 
cutting  out  of  the  slot,  the  equivalent  diameter  being  (see 
formula  239)  «',  =  .  816  a'  =  .  81 G  X  3. 5  -  2. 850' ;  that  is,  a  rod 
having  a  diameter  of  2.856*  would  be,  theoretically,  of  the 
same  strength  as  a  rod  having  a  slot  in  it  for  a  cotter  and  3^" 
in  diameter.  Hence,  the  equivalent  area  is  2.856'  X  .7854  = 
6.41  sq.  in.      The  area  is  less  than  in  the  first  case,  but  the 

value  of  5,  may  now  be  taken  as  — \-t —  =  5,500  lb.  per  sq. 
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in.,  and  the  safe  load  is  6.41  X  5,500  =  35,255  lb.  Hence,  the 
rod  and  cotter  are,  apparently,  slightly  stronger  than  the  rcxi 
and  nut. 

(1006)     («)  Applying  formula  240, 

^=2.26|/|4?^X  1.5  =  3'.     Ans. 

/  =  llrt'  z=  ll  X  3  =  4^/.     Ans. 


(^)  Pressure  per  square  inch  of  projected  area  = 

p  =  ^2^=:3':0lh.     Ans. 
^      3  X  4.5 

(1007)     Applying  formula  240, 


^ ^  /  =  2.26  j/^^x  1  =  2.45',  say  2^'.     Ans. 

(1008)     See  example  in  Art.  1975,  and  Table  46,  Art. 
1978. 


^^15 1/_^^^^  ^  3  (.5*  ^,     Ans. 

i^l2,000x750  8 

(1009)     As  in  example  1008, 

d=1.5 /  ,     ^'^^^     I  =  1. 6',  say  l|'.     Ans. 
-/8,500  X  275  8 

Whence,  /  =     ^'^^f,    =  3.92',  say  4'.     Ans. 
( 1  OlO)     Here,  /  =  2  d     From  formula  242,  /d  =  -^. 
Hence,  2dxd=z  2^'  =  ^^;  or,  ^=  1.846',  say  1-i'. 

OOU  o 

7         o  Ans 

Also, /=  2^=2  X  15-  =  St-     Ans. 
o  4 

(101 1)     Circumference  of  wheel  =  2.75* 

R.P.M.  =  .V  =  :24§2A«  =  407. 
2.75  3r  X  60 
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rvu  ^      220,000      „,-,, 

Then,  /  =  —  =  540  lb.  per  sq.  in. 


Applying  formula  241,  and  getting  Sf  from  Table  46, 

=  2.97',  say  3'.     Ans. 


'=1.5/-       ^^^^^ 


4/12,000  X  540 

u  /      10,000       ^  ,^,  ^1^        . 

Hence,      /=  ^     ^^^  =  6.17',  say  6-^     Ans. 
3x540  '      -^      4 

The  other  dimensions  may  be  obtained  from  Fig.  665  and 
formula  247. 

(101 2)     {a)  Using  formula  243  and  Table  46, 


^  =  1. 13 /^  X  2.5  =  2. 09^  say  2]".     Ans. 

/=  2.5^=  2.5  X  2^  =  5-^',  say  5^'.     Ans. 
8         16  4 

(3)     From  formula  242, 

P         9,600         ^^^,,  .  . 

^  =  Id=  2iW  ^  ^^^  ^^-  P''  ''    '''•     ^'''• 


(101 3)  Using  formula  250, 
dz=z  .004/^77:=  .0044/25  X  3,0c 

(101 4)  Using  formula  249, 
«r=  .05  4/7^=  .054/9,000  -  4. 

(1015)  Applying  formula  251, 


dz=  .0044/7^:=  .0044/25  X  3,000  =  l.r,  say  1^'.     Ans. 

0 


3 

«^=.05  4/7'=.05  4/9,000~4.74'',  say  4-'.     Ans. 


^,  =  /eM^IIiMr  ^  8.8',  say  S^'.     Ans. 
•  '   15  TT  X  4  '       "^       4 

^  =  |-K-^)  =  |-(8f-6)  =  l|".     Ans. 
/=  .8^=.8  X  l|'  =  l.l',  say  1^".     Ans. 

o  o 

Taking  .y  as  2  /,     .y  =  2  x  1-^'  =  2^'.     Ans. 

(See  Fig.  668  for  manner  of  representing  the  journal.) 
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(1016)  This  shaft  should  be  calculated  with  the  help  of 
Table  49.  To  determine  Z,  we  have,  from  the  table  of 
Bending  Moments, 

B  =  IV^  =  10  X^4^  =  18^  tons. 

TLT 

The  twisting  moment  T=  PR  —  63,025  X  -jr  in. -lb.  (see 

formula  231)  = 

G3,025  H ,  63,025         300      ,„,„,,    , 

X  -iTf  ft.  -tons  =  ^       ' —  X  -T77^  =  13. 13  ft.  -tons. 


2,000  X  12       A^     '  2,000  X  12      60 

Then,  Z  =  ^  =  ^^^  =  1.4,  nearly. 

From     Table   49,   ^  =  1.461  for  Z=  1.4.     Hence    (see 
Table  32,  Art.  1416), 

d^^dsfk  ^  1.461  X  3.3V?=1.461X  3.3y  ^  =  8.25'. 

Ans. 
(lOl  7)     Applying  formula  253, 


'-^=^«-^<^UOx  7,000  =^-^«'- 

From  Table  49,  -^  =  1.209  for  Z  =  .6,  and  1.277  for  Z  = 

.8.    Hence,  1.277-1.209  :  .8-.6  =  -t  :  .75 -.6;  or,  jt  =  .051. 

Therefore,  forZ=  .75,  '^k  =  1.209  -f  .051  =  1.26,  &ndd^= 

1.26  X  3.35  =  4.22',  say  4|'.     Ans. 

(lOl  8)     Use  formula  256.     In  this  case  w  =  — . 

Hence,  d  =  d^  ^l  -  m*  =  is/l  -  l^S  =  12-8',  say  12  ^'. 

Ans, 

(1019)     Use  formula  256.     Here  m  =  -  =.5.     Hence, 

3// — 1~  1 

d,  =  I64  V  ^-1-5*  ^  ■^^••^^''  ^^y  ^^  s'-     "^^^ 

<=  17^-^2  =  8^'.    Ans. 


332  MACHINE  DESIGN. 

( 1 020)  The  student  should  be  able  to  draw  the  joint  by 
referring  to  Art.  2000  and  Fig.  676.  The  keys  may  be 
proportioned  by  formula  233.  The  student  should  use  his 
own  judgment  regarding  any  dimensions  not  given. 

(1021)  Fig.  673  and  formula  258  are  a  sufficient  guide 
for  the  drawing  of  this  coupling. 


(1022)     (^)  From  formula  260, 
{I?)     From  formula  259  and  Table  50, 


«  =  ^/?  +  2  =  I  X  11  +  2  =  sl,  say  6.     Ans. 
o  o  6 


d=  kB=  .230  xU  =  2.62d\say2^''.     Ans. 
{c)     From  formula  260, 

^=Z>  +  2^=ll  +  2  X  2.625  =  16^".     Ans. 
(^)     C  =  D  -\-  4.25  ^  =  11  +  4.25  X  2.625  =  22.16,    say 
?4-.     Ans. 

„     ^=ai^  =  ^>i^l  =  3|-.say3i'.    Ans. 

(1023)     Using  formula  250, 

d=  .004  V^PiV  =  .004^^100  X  600=  .98',  say  l^     Ans. 
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(QUESTIONS  1024-1063.) 


(1024)  See  Art.  2004. 

(1025)  See  Art.  2016. 

(1026)  Radius  of  gear  =  15'  =  Ij  ft.  =  R.     From  for- 
mula 231, 

^      63,025//      63,025X20      ^^^  ,,  , 

P  =  — ' — zr—  =  — ttt: TF-  =  700  lb.,  nearly. 

^  uR  120  X  15  ^ 

From  formula  267, 

.-       9,600,000  9,600,000  o  nn.  lu 

S  —      ,     ',.^  —  T-i ^ — ,  '     ,  ,^  ,,.^  =  3,094  lb.  per  sq.  m., 

t/  + 2,160      2.5X^X120  4-2,160        '  f       m        > 

nearly. 

Hence,  from  formula  266, 

ur      ^^  o  P      1^5.8  X  700      ^  _ 
^^=16.8g=       3^,^^      =  3.8  sq.m. 

Assuming  that  b  =  'i-C,  ^  ^=  2.5  6^*  =  3.8  sq.  in.,  or  C  = 

/3~8 
\  ~  =  1.2329'.     Hence,  number  of  teeth  = 
2.5 

^^31  =  76+.  say  76.     Ans. 
Circular  pitch  =  ""  ^^^  =  1.2401'.    Ans. 

(1027)  The  velocity  of  a  point  on  the  pitch  circle  is 

.) 

JT  X  -i.j  X  60  =  880  ft.  per  min.,  nearly.     Hence,  from  for- 
o 

mula  267, 

F<if  notice  of  copyright,  see  pa^e  immediately  following  the  title  page. 
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«        9,000,000        ^,«oiK  •  1 

^  880+2.160  ^  ^^^  ^^'  ^^•'  ^^^"^^y* 


From  formula  231, 


63,025  X  300      ,19^,.,, 

From  formula  266, 

,^  '  16.8  X  11,254.5      ^.  _^ 
^^= 3;i58 =59.87sq.m. 

Taking  d  equal  to  3  d7,  3  C  =  59.87  sq.  in.  ;  whence,  C  = 

4.4673'. 

T  X  56 
Number  of  teeth  =  ]  ,^^„  =  39.4,  say  39  teeth. 
4.4673  ■^ 

n>u                  ^      3.1416  X  56        ,  ^,,,        . 
Then,  c  = =  4.511.     Ans. 

Breadth  of  face  = 

<^  =  3  (r=  3  X  4.511  =  13.533,  say  13^'.     Ans. 

2 

Thickness  of  tooth  =  .475(7=  .475  X  4.511  =  2.143'.  Ans. 

Height  above  pitch  line  =  .3  (7=. 3  X  4.511  =  1.353'.  Ans. 

Depth  below  pitch  line  =.4(7  =  . 4  X  4.511  =  1.804'.  Ans. 
Using  formula  123,  Art.  1415, 

diameter  of  shaft  =  ^  =  4. 92  y  ^  =  7. 36',  say  7-^".      Ans. 

60  8 

The  enlargement  for  the  wheel  seat  will  have  a  diameter 

3  7 

of  1.2^=  1.2  X  7q  =  8.85',  say  8^'-     Ans. 

By  formula  273,  thickness  of  hub  = 

w=^  WCR  =  i  t/13.5x  4.511  X  28  =  3. 983',  say  4'.     Ans. 
The  length  of  the  hub  may  be 

lAb  =  lAxl'i\-  18. 9',  say  19'.     Ans. 

Formula  272  gives  for  the  number  of  arms, 

z  =  .56  \/JP~C  ^  .66  \^W  X  4.511  =  5  arms.     Ans. 
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By  formula  270,  width  of  arm  at  center  of  wheel  = 


,  =  ^  =  1/18433=8, 6948',  say  sil/      Ans, 

^25  lb 

Assuming  the  taper  to  be  —  on  each  side,  the  width  of 
arm  at  pitch  line  is 

8^  -  (2  X  ^  X  28)  =  7|'.  nearly.     Ans. 

Thickness  of  arm  =  ir=^x4.511  =  2.255'  =  2^'. 

Ans. 

Thickness  of  stiffening  rib  =  AC=  Ax  4.511  :=  1.804'. 

Ans. 

(1028)  By  formula  275, 

P=Q/=2S0xl  =  ^-f. 

6  X  12 
Radius  of  wheel  =  R=  ^       =  36*. 

Then,  by  formula  231, 

P^  ^  280^^362010  ^p^ 
63,025  3  X  63,025 

(1029)  See  Art.  2049. 

(1030)  {a)     By  formula  282, 

(^)     By  formula  283,  w  =  1.43  />»  =  1.43  X  1'  =  1.43  lb. 

Ans. 

( 1 03 1 )  By  formula  29 1 , 

P=  6,600 </*  =  6,600  X  1.26'  =  10,312.5  lb.    Ans. 

(1032)  See  Art  2006. 

(1033)  The  values  of  the  different  dimensions,  as 
determined  from  the  table  of  proportions  in  Art.  2014, 
are  as  follows; 
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a  =U-{-l  =  U\  /  =.25  X  14  +  .G25  =  4i'' 

/5  =  .5  X  14  +  1  =  8".  ^  =  1.75  X  14  =  24i'. 

<r   =  .GO  X  14=9.24*,    say  ^'=1.5X14=21". 

9i^  r   =.15  X  14  =  2.r,  say2i' 

e  =.825X14-. 25  =  11. 3',  r'  =  .  1  x  14  =  1.4".  say  If. 

say  llyV-  ^  =  14". 

/  =  .6Xl4=8.4",say8if.  s   =  .9  X  14=  12.G",  say  12|'. 

^  =  .1  X  14 +  .5625=  /  =  .15X  14 +.375  =  2.475". 

1.9625'   say  lf|".  say  2^. 

h  =  .1  X  14  +  .25  =  1.G5',  /' =.9X  14=12.G",  say  12|". 

say  Ifl".  u  =  1.5  X  14  =  21". 

h!  =  .08  X  14  =  1.12",  say  v  =  .25  X  14  +  .375  =  31". 

1^'.  t£/  =  1. 45  X  14  =  20. 3",    say 

i  =  .11-  X  14  =  1.54",   say  20^". 

IH"-  «^'  =  1.47  X  14  =  20.58",   say 

j  =  r.  201". 

^  =.5  X  14  +  1.25  =  8i'.  w=  1.75  X  14  =  24^". 

/   =  %\  jT  =  .1  X  14  =  1.4".  say   If". 

m  =  .175  X  14  +  .3125  =  /  =  .3  X  14  +  .75  =  4.95", 

2.7625",  say  2f".  say  5". 

n  =  .25  X  14  +  ,25  =  3f".  /  =  .2  X  14  +  .5  =  3.3",  say 

«'=.1X14+.375  =  1.775",  3i". 

say  lf^  z  =  .09x14=1.26",  say  li". 

^  =  1".  z'  -  2i". 

The  student  may  use  his  own  judgment  to  supply  any 
dimensions  not  given. 

(1034)  See  Art.  2023. 

(1035)  Number  of  teeth  =  yV=  56  X  1^  =  70. 

Circular  pitch  =  (T  =  §ilili  =  %  5133'. 
Applying  formula  272, 
z—.hh\fN''C  =.55-^70'  X  2.5133  =  5.79,  or  6  arms.     Ans, 

(1036)  See  Art.  2037. 

(1037)  See  Art.  2057. 
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(1038)  See  Art.  2066. 

(1039)  SeeArt.  2074. 

(1040)  See  Arts.  2005  and  2006. 

(1041)  SeeArt.  2022. 

(1042)  The  values  of  the  different  dimensions,  as  de- 
termined from  the  table  of  proportions  in  Art.  201 1,  are: 

^=3.25X3.5=111'.  «=  1.25  X  3.5  =  4f'. 

^  =  1.75  X  3.5  =  6i'.  o  =  Y. 

c=H'.  /=!'. 

^  =  .5  X  3.5  =  If.  ^  =  .625  X  3.5  =  2^\ 

/  =  .  4375  X  3. 5  =  1. 53125',  r  =  .25  X  3. 5  =  i'. 

say  1^1'.  s  =  .1875  X  3.5  =  |i',    say 
^  =  .09  X  3.5  =  .315',  say  \^'. 

T^'.  /=  .65  X  3.5  =  2.275',    say 
//  =  .3125  X  3.5  =  1-jV.  23^'. 

i  =  .25  X  3.5  =  y.  u=,75x  3.5  =  2f'. 

y  =  .375  X  3.5  =  It?/.  z/  =  1.375  X  3.5  =  4f|',    say 
^  =  1.0.625  X  3.5  =  3.72',  4^'. 

say  3J'.  ;ir=.25  X  3.5  =  i'. 

/  =  .875  X  3.5  =  3^'.  ^  =  .5  X  3.5  =  If- 

m  =  1.75  X  3.5  =  6^'.  2  =  .0625x3.5  =  ^^V.  say  i'. 

(1043)  See  Arts.  2020and  2018. 

( 1 044)  Applying  formula  268, 

d  =  ^^  =  ^^^^  =  2.148',  say  2^'.     Ans. 

(1045)  Applying  formula  274, 

N"^  4  Y    52.36 

^=Ar^  =  ,^.,,3,^,^  =  62.62;^.     Ans. 

(1046)  SeeArt.  2038. 

(1047)  Applying  formula  276, 

.^B^D       l,_l0  +  52    .    1         _.  3,       , 

^-"200~  +  16--^00~+i6  =  -^^^^''^y8  •     ^"'* 
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(1048)  Applying  formula  283, 

w  =  1.43  /)'  =  1.43  X  (^)  =  1.094  lb. 

a  =  4:20 -^2  =  210. 
Applying  formula  285, 

%w        ^   4w'        2 

2,023  J      2,023^  ^^lQ'_Tof^       a 

2  X  1.094      ^    4  X  1.094'  2     ~ 

(1049)  See  Art.  2047. 

(1050)  See  Art.  2050. 

(1051)  Velocity  =  ^^  ^  ^q^  '^^  =  67.86  feet  per  second. 

Using  formula  281, 

^-^Y200  -  -^^"i  -  ^^-ggxair/        _  67.8Gn_ 
^-825r^^       107.2  j-  825  ^^^       IotXJ- 

20.18  H.  P.     20.18  X  24  =  484.32  H.  P.     Ans. 

(1052)  By  formula  283, 

w  =  1.43  /?'  =  1.43  X  (ij)  =  2.23  lb.  per  foot. 

^  =  386  -^  2  =  193  ft. 
Applying  formula  284, 

w^  2.23  X  193'  _^2.23  X  9.25  =  4,511  lb. 

2/.+  2X9.25  A„^ 

(1053)  See  Art.  2070, 

n  =  .13^=  .13^/5,600  =  2.31,  say  2. 

d=  .0115|/^  =  .0115/-^42^  =  .7237^  say  ^'. 
yn  Y2  4 

^'  =  1.2^==1.2x|  =  .9^say||^ 

Remaining  dimensions  are  the  same  as  those  calculated 
in  Art.  2070. 
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(1054)  The   values   of    the    dimensions   given    in   the 
table  of  proportions  in  Art.  2019  are: 

^  =  3x2.5  =  7^'.  w  =  .  125  X  2.5  =  3^'. 

^=7.5x2.5  =  181'.  «  =  .25  X  2.5  =  1'. 

c  =6. 375  X  2. 5  =  13,^'.  o  =  .  1875  X  2. 5  =  if',  say  r. 

^  =  3  X  2.5  =  7i'.  /  =  .375  X  2.5  =  f|'»  say  1'. 

/  =  1.75  X  2.5  =  4f'.  g  =  .625  X  2.5  =  1//. 

^  =  1.5x2.5  =  31'.  r  =  1.25  X  2.5  =  3i'. 

h  =2.125  X  2.5=5^'.  j  =  .25  X  2.5 +  .5=  1^'. 
i  =.16x2.5=.4',sayT2y'.       v=  1.125  X  2.5 -|-.  1875  =  3'. 

y  =.25  X  2.5  =  1'.  tt/=1.5  X  2.5  =  3f. 

>^  =  1.875  X  2.5  =  4:H'.  y  =  .0625  X  2.5  =  ^^\ 

/=  1.125  X  2.5  =  2||'.  z  =  2.5—  .0625  =  2^'. 
For  the  other  dimensions  necessary  to  draw  the  bracket, 
see  Fig.  697. 

(1055)  Using  formula  271, 


^=1.75ff^  =  4.15',say4l'.     Ans. 
-.=  -x4-=2-.     Ans. 

(1056)     (a)     The  diameter  of  the  wire  composing  the 
rope  is,  by  formula  282, 

^=^  =  i  =  l'. 

9        9      12 
The  weight  of  the  rope  per  foot  is,  by  formula  283, 

m;  =  1.43  Z)'  =  1.43  X  (^)  =  .8044  lb. 

Stress  due  to  bending  is,  by  formula  287, 

„       E^d      25,000,000  X  tS      ,oo^eiu 
•^^  =  2^  =  13X12         =  ^^'^^^  ^^-  P"^  ^-  '"^ 

Stress  due  to  centrifugal  force  is,  by  formula  288, 

o^..       /5,000\' 
Awv^  4X.8044X(-^) 

'^-;^^^=3.1416X(,S)'X42X3216  =  ^'^^^P"'-^-^ 

1/.  /■      I  /.     .'-' 
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Hence,  S,  =  S  -  {S^  -{-  S,)  =  25,000  -  (13.355  +  758)  = 
10,887  lb.  per  sq.  in. 

7",  =  maximum  tension  on  driving  side  = 

^d'nS,  =  ^X  (^   X  42  X  10,887  =  2,494  lb. 

T,=  ^T^  =  2,494  X  .5  =  1,247  lb. 

P=  driving  force  =  T^-  T.^  =  2,494  -  1,247  =  1,247  lb. 

„  „  PV        1,247X5,000       TO.  -TTT^ 

Horsepower  =  N  =  -T-r-r-r-r  =  — — tttt-tt^ =  189  H.  P. 

^  33,000  33,000 

{b)     The   greatest  deflection    will,  of  course,   be    on    the 
driven,  or  slack,  side.      Hence,  applying  formula  285, 


k  -  -li.-\/Il-  -^=^  1,247     J  r;24r     212:5 


2w       '    4w'        2        2  X  .8044      '    4  X  -8044'  2 

14. 7  ft.      Ans. 

(1057)     Circular  pitch  =  C=^=  ^^^^^  =  .7854' 

84  84 

Applying  formula  272, 


.sr  =  .55  f  84*  X  .7854  =  4. 74  +,  say  5  arms.     Ans. 
(1058)     Using  formula  277, 


//BK      //8x  11       ,„,  ^7,       . 

a  =  y  =  y —  =  2.8  ,  say  2-  .     Ans. 

«  4  8 

Assuming  the  taper  to  be  —  on   each    side,    the   taper 

48 

for  both  sides  will  be  7-  X  2  =  r-r.     The  width  of  the  arm  at 
48  24 

rim  will  be 

4  -  (^  X  11)  =  2-417''  say  2|^     Ans. 

7  1  7 
Thickness  at  center  —  2~  X  -^  =  Itt."-      Ans. 

8  Z  lb 

3       1  3 

Thickness  at  rim       =  2-  X  ^  =  ^TT-"-     Ans. 

8        2  lo 

(1069)     Using  formula  279, 

S'  =  ^  =  l^^  =  2.406  sq.  in. 
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Net  section  of  one  bolt  =  2.406  -r-  6  =  .401  sq.  in. 

7 
Hence,  according  to  Table  43,  —'  in.  bolts  will  be  used. 

Ans. 

(1060)  (1)  The  dimensions  as  taken  from  Table  52. 
are; 

(2)  From  the  table  of  proportions  in  Art.  2021, 

^=3'. 
rt  =  2x3  =  6'.  y  =.4x  3  =  1.2',  say  li'. 

^=1.5X3  =  4^'.  /t'  =  .3x3=.9',  say  fl'or  1'. 

<:  =  .25  X  3  +  .375  =  H'.  /  =  .15x3=.45',say||'or^'. 

e  =  1.25  X  3  =  3f'.  m  =  1.5x3  =  U'. 

/=  .2x3+. 125=. 725,  sayf.  ;/  =  .2x3+. 25=. 85',  say  }'. 
ir=  1.75  X  3  =  5i'.  ^  =  .15  X  3  =  .45',  say  Y- 

// =1.4x3  =  4.2',  say  4i'. 

(3)  The   various  dimensions   are   readily   obtained    from 
Fig.  735. 

(4)  The  dimensions,  as  obtained  from  Table  54,  are : 

^  =  12';  ^  =  .79';  r  =  ^;  d  =  3^' ;  n  =.12' ;  e  =  1^';/= 
16^',  and^=19'. 

( 1 06 1 )  Applying  formula  280, 

0'=  .3Z>*  =  .3  X  (l|)  =  .91875  lb.  per  ft. 
Hence,  total  weight  =  875  X  .91875  =  803.9  lb.     Ans. 

(1062)  (a)  Using  formula  281, 

3^     /  3y 

825  V  107.2;/-  825  V         60'Xl07.2; 

38.223  H.  P.     Ans. 

(d)  Referring   to  the  diagram,  Fig.  723,  the   horsepower 
appears  to  be  about  38  H.  P.     Ans. 


342  MACHINE  DESIGN. 

(1063)     Applying  the  method  described  in  Art.  2063, 
and  assuming  that  —j  =  850,  we  proceed  as  follows : 

The  driving  force  =  P=  ^^^^^  =  33,000x125  ^ 
^  V  4,900 

lb.,  nearly. 

Then,  T,  =  842  x  2  =  1,684  lb. 

Stress  due  to  bending  is 

„        Ed      25,000,000       ,,  „^„  ,^ 

^^  =  fK=    2X850     =  1^'^^^  1^-  P^'^  ^^-  ^^• 

Hence,  5,  =  25,000  -  14,706  =  10,294. 

T        1 
Cross-section  of  wires  =  -r^  =  —  -k  d^  n,  or 

^7r«5,       ^7rx42X  10,294       ■"^"*' 
The  diameter  of  the  rope  is,  by  formula  282, 

B=dd=dx  .0704  =  .6336,  say  |'. 

8 

A  recalculation  taking  into  account  the  stress  due  to  cen- 
trifugal force  will  not  appreciably  affect  the  result;  hence, 

5 
the  diameter  of  the  rope  is  —".     Ans.    (c) 

8 

(a)  Diameter  of  wires  is,  then, 

^  -f-  9  =  .625  -^  9  =  .0694'.     Ans. 
8 

(d)   Radius  of  pulley  =  .0694  X  850  =  58.99',  say  59'. 

Diameter  of  pulley  =  59  X  2  =  118'  =  9  ft.  10',  say  10  ft 

Ans. 
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(QUESTIONS  1064-1078.) 

(1064)  {a)  See  Art.  2076. 

(^)  100  -  8  =  925^.     See  Art.  2076. 

(1065)  The  values  of  the  various  dimensions,  as  deter- 
mined from  the  table  of  proportions  in  Art.  2111»areas 
follows: 

^=1.5Xl|  =  2l'. 

,^.75  X  if' =  4;. 

5 
/=.2X  8  =  1.6',  say  Ig*. 

7.125  „  ,  -1  ^' 

,  _  ./1 00  X  8'  X  .7854  X  O"  _  ^  ^^s'  =  ^h 

9 
«  =  .26  X  8  +  .5'  =  2.58',  say  2—'. 

i&  =  .075x  8  =  .6'.  say  |'. 


8 


,      7.125       ,,  3, 

/=-^  =  4.say- 


I     r  notice  of  copyriRht.  see  p«i:  iowmR  the  title  paRe. 
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3, 
ni  =  —  . 


o  must  be  greater  than  a-\-  Ji  —  \d,  see  wrist-pin  end 
of  connecting-rod  in  Fig.  7G0.  But  <^?  =  .75  X  .3  X 
8  +  .125  =  1.325",  say  \^-^\  and 

j^_ .5X  -X  (.155X8+. 0625)' 

4ri.3x(.155x8+.0G25)-.25|/2.5x^(.155x8+. 0025)^1 

17  51715  7 

=  -^^  -y  3-2'     '^'^^'^  ^  =  Vg  +  32  -  2-  X  %  +  3-2  (^^^""^^^) 

._    5x1^--^" 
/_.5Xlg  -^g. 

^=.75x4  =  §^sayl^ 

The  student  may  use  his  own  judgment  to  supply  any 
dimensions  not  given. 

(1066)  See  Art.  2076. 

(1067)  Using  formula  -303,  and  substituting  values 
given, 


d^  .0091  */YLB  =  .0091  4/120  X  9  X  IG  =  1.2",  say  1^. 

Ans. 
(1068)     The  values  of  the  various  dimensions,  as  ob- 
tained from  the  table  of  proportions  in  Art.  2093,  are  as 
follows:  /)  =  20". 

d  =  3". 


a  =  ;18  4/2X  20  -  .1875"  =  .9509",  say  1'. 

^  =.45X  1"  =  .45",  say  :^/. 

10 

21 

<:  =.G5X  1"  =  .G5",  say  — ". 

^'  =  2  X  3  =  G". 

•  06  X  20        ^„  5„ 

e= ^=.o,say-. 
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•^  8       8 

7  7 
^=-^X8'  =  16'- 

k=. 2X20 +1.5  =  5^'. 

8  8 

1.4X20_ 
fs-        ^        -I. 

n  =  .08  (20  +  34)  =  4.32,  say  4. 

The  student  may  use  his  own  judgment  to  supply  any 
dimensions  not  given. 

(1069)  See  Art.  2083.     1  GO  ft.  per  sec.     Ans. 

(1070)  Using  formula  303,  and  substituting  the 
values  given, 

d  =  .01  \^pTB  =  .01 4/100  X  6  X  8|-  =  .7',  say  -'.     Ans. 

(1071)  See  Art.  2083. 

(1072)  (a)  By  formula  300, 

d=  .0118  X  12|/lOO=  1.416',  say  1—'.     Ans. 

{d)  By  formula  301, 

3 
^  =  .038  4/12*  X  32*  X  100  =  2. 355',  say  2-'.     Ans. 

(c)     By  Art.  21 03, 

In  formula  300,  the  assumption  is  made  that  the  rod  is 
subjected  to  tension  and  compression  only.  In  deriving 
formula  301,  the  rod  is  treated  as  though  it  were  a  long 
column.  In  the  formula  given  in  Art.  2103,  the  length  of 
the  rod  is  assumed  to*  be  twice  the  cylinder  diameter,  and 
the  steam  pressure  is  assumed  to  be  80  lb.  per  sq.  in. ,  neither 
of  which  is  true  in  this  case.  The  value  obtained  by  formula 
301  would  be  used  in  practice. 
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(1073)     See  Art.  2081.     Take  the  initial  pressure  as 

.92  of  the  boiler  pressure,  or  as  100  X  .92=  92  lb.  per  sq.  in., 

gauge,  and  92  +  14.7  =  106.7  lb.  per  sq.  in.,  absolute. 

22 
By  formula  292,  the  real  cut-off  =  ' 


By  formula  293,  A  = 


106.7  +  16 


=  .171'. 
22+106.7 

—  61.35  lb.  per  sq.  in.  = 

absolute  pressure  at  end  of  compression.     Now  draw  the 
theoretical  indicator  diagram,  as  shown  in  Fig.  96.     Assume 


•^24 

■v 

.35^ 

_ _ .  3" , 

• 

« 

»■ 
< 

i 

3 

s 

\ 

V     ^^^^^^^--^^ 

T 

7         1 

Fig.  96. 
any  convenient  length  (we  have  made  the  length  3"),  also 
any  convenient  scale  of  pressures  *  (we  have  assumed  40 
lb.  =  1"),  and  then  draw  the  diagram  as  described  in  Art. 
2081.  Taking  the  clearance  as  8^,  the  actual  distance 
of  the  clearance  line  from  the  admission  line  =  3  X  .08  = 
.24",  as  shown.  The  point  of  cut-off  will,  therefore,  be 
3.24  X  .171  =  .554",  say  55,  from  the  clearance  line.      Since 


*NoTE. — The  student  must  use  a  different  length  of  diagram,  and 
a  different  scale  of  pressures,  from  that  used  here.  We  suggest  that 
he  use  4"  for  the  length  of  his  diagram,  and  48  lb.  =  1  in.  or  50  lb.  =  1 
in. ,  for  his  scale  of  pressures. 
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the   engine   is  non-condensing,   the  back   pressure   line   is 

taken  17  lb.  above  the  vacuum  line.     The  apparent  cut-off  = 

.05  -  .24        ^        1  , 

1  =  — ,  very  nearly. 


3  10' 

If  the  diagram  has  been  correctly  drawn,  the  M.  E.  P. 
ought  to  be  26  lb.  per  sq.  in.  Assuming  that  the  actual 
M.  E.  P.  is  but  .85  of  the  theoretical  M.  E.  P.  just  found, 
the  actual  M.  E.  P.  may  be  taken  as  26  X  .85  =  22.1,  say  22 
lb.  per  sq.  in.     Then,  area  of  cylinder 

.       33,000  X  200       . _- 
-^^      22X600     -5QQ^'"» 


^y^oOO 


and  diameter  =  V  -f^^ri  =  25.23'. 
.7854 


To  avoid  fractions,  take  the  diameter  as  25'.     Then,  the 
area  of  the  piston  will  be  25'  X  .7854  =  490.875  sq.  in.,  and 
.       .  ,    33,000  X  200      ^,,  , 

the  piston  speed,  22  x  490  875  ^  ^^  °*^"" 

Taking  the  stroke  as  30',  the  revolutions  per  minute  will 

be  ^1^-^  =  122.2  R.  P.M. 
2  X  30 

Hence,  we  have  for  our  data  the  following: 
Size  of  engine,  25'  X  30'. 
Initial  pressure,  92  lb.,  gauge. 
Back  pressure,  2.3  lb.,  gauge. 
Pressure  at  end  of  compression,  46.65  lb.,  gauge. 


Ans 


Apparent  cut-off,  — . 

Mean  effective  pressure,  22  lb. 
Revolutions  per  minute,  122.2. 
Piston  speed,  611  ft.  per  min. 
Clearance,  85^. 

(1074)  Applying  formula  296  (see  Art.  2088), 

//  =  .  34  Z?  -I-  2^'  =  .  34  X  30  -f  2^'  =  12. 7',  say  12-?'.     Ans 
Z  Z  A 

(1075)  (a)  By  formula  300, 

i/=  .OlG7Di/p  =  .0167  X  38Vl00  =  6.346',  say  6|'.     Ans. 

o 


348  MACHINE  DESIGN. 

{If)     By  formula  301, 

tff  =  .  04  \^WVp  =  .  04  i^38'  X  79^  X  100  =  6. 928",  say  6^'. 

Ans. 
{c)     By  Art.  2103, 

In  absence  of  any  further  data  in  regard  to  the  engine, 
the  result  obtained  by  formula  301  ought  to  be  taken,  for 
the  reason  that  more  conditions  are  included  in  the  deriva- 
tion of  the  formula. 

(1076)  See  Art.  2079. 

(1077)  See  Art.  2080. 

(1078)  The  values  of  the  various  dimensions,  as  ob- 
tained from  the  table  of  proportions,  in  Art.  2090,  are  as 

follows : 

D  =  24". 

i?  =  52  -^  2  =  26". 

^  =  .5  X  24  =  12'. 

a  =  12". 

d  =  1.75  X  12  =  21". 

5 
^  =  .045  X  12  +  .0G25  =  .G025',  say  -'. 

o 

«?'  =  .28  X  24  =  0.72",  say  6^'. 

/=.375X17|  =  6||",  sayei'. 

£■  =  (by  construction)  17j-''- 

^  =  1.35  X  6y  =  9.1125,  say  9^'. 
4  8 

i  =  1.125  X  12  =  13^'. 

3- 

/  =  .20  X  24 -f  .5  =  G.74',  say  6-'» 


PRINCIPLES  OF  ELECTRICITY 
AND  MAGNETISM. 

(QUESTIONS  1079-1187.) 


(1079)  See  Art.  2240. 

(1080)  One   joule  =  .7373   foot-pound   (Art.    2333); 

therefore,  electrical  energy  = 

foot-pounds      133,750      -.^^  o..^  io,.^  •     i 

Electrical  power  (Art.  2349)  = 

energy  167,842.1300       ^^  „^„„       ^^         . 

; — ^ — —  =  ——!■ — — .  ~  =  64. 3073  watts.     Ans. 

time  in  seconds  00  X  43.  o 

(1.081)     Let  6",  =  current  in  A  and  C,  =  current  in  B. 

According  to  Art.  2322,  the  conductivity  of  .^  =  — —  aad 

1 ' ) .  y 

of  /?  =  ^.     Therefore  (Art.  2323),  ^,  '  ^. '•  J^^  '  JTl^ 

Now,   C^  +  C,  =  6.37,  or  (T,  =  0.37  -  C,.      Substituting, 

'■  =^4^;^,  or   103.194-16.3(7,  =  14.1  r-    hence, 

10. is 

30.3  6,  =  103.194,  and  C,  =  3.4057  amperes. 

C,  =  6.37  -  3.4057  =  3.9643  amperes. 

Therefore,  the  current  in  branch  .^  =  3.9643  amperes.    Ans. 

Therefore,  the  current  in  branch  ^=3.4057  aniperes.     Ans. 

(1()S2)     ((n)    Power,    or    rate   of    expending    energy  = 

energy       99,3r(),()0()      „^  «.^  ^^^  ^        ^ 

■    ^^  =  — -—i —  =  39,748,000  ergs  per  second.      From 
time  3.6  e>     r 

For  notice  «f  copyriKbt,  see  pa^e  immediately  following  the  title  png^e. 
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Art.  2264, 1  watt  =  10,000,000  ergs  per  second;  therefore, 
ergs  per  second       39,748,000 


10,000,000  10,000,000 


=  3.9748  watts.     Ans. 


,7;'k  Horsepower  =  "^^  =  ^^  =  .005328  H.  P.     Ans. 
746  740 

( 1 083)  Using  formula  433, 

Ampere-turns  =  7-——  X  I -1 — ' h  -; — 1-  -; ^— V 

^  3.192  "^  V^,  X  Mr       A^X  ^,^  A,  XmJ 

/,  =  2.5  X  2  X  3.141(5  =  15.708".     yi,  =  2  X  1  =  2  sq.  in. 
^,  =  -^  =        ' =  80,000  lines  of  force  per  sq.  in. ;  from 

Ji  2 

Table  82,  // =  709.2  in  wrought  iron  at  that  density,      y/ie 
reluctance  of  the  magnetic  circuit  in  the  wrought  iron  = 

^_  =  ^i^=. 01021. 
A^X  M,       ^  X  709.2 

/^  =  4xl  =  4^     yi,--=2  X  2  =  4sq.  in. 

i?j  = —— j =  40,000    lines    of   force    per    sq.    in.;    from 

4 

Table  79,  yu  =  152.9  in  cast  iron  at  that  density.      The  reluc- 
tance of  the  magnetic  circuit  in  the  cast  iron  = 
/^        _  4         _      1      _ 

A^XV,  ~  4X  152.9  ~  i52J)  ~  •^^^^^• 
/j  =  .125".     ylj  =  2  X  2  =  4  sq.  in.    7/3  =  1.    The  reluctance 
of  the  magnetic  circuit  in  two  air-gaps  = 

^l^  =  ^-fl^^  =  .0625. 
A.Xhi,  4X1 

Tlie  total  reluctance  of  the  magnetic  circuit  =  .01021 -{- 

.00e54  4-.0625  =  .07925. 

.  160,000        ,^„^^„       12,080       ^  ^„^  ,.,, 

Ampere-turns  =  -^—^77.7-  X  .07925  =  -ttt?,-^  =  3,972.431. 

Ans. 

(1084)  {a)  Use  formula  438,  and  let  P=  the  tractive 

force  in  pounds  exerted  by  one  contact  surface ;  A  =  2  X  2  = 

N 
4   sq.  in.,  the  area   of  one   contact  surface;    and   B  =  ^  = 

240,000 


=  00,000  lines  of  force  per  sq.  in.,  the  magnetic  den- 


4 
sity  of  contact  surface.      Substituting, 
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p__  (iO,OOOxGO,OOOX  4  _ 

tractive  force  of  one  polar  surface;  total  tractive  force  = 
199.0284  X  2  =  399.2568  lb.     Ans. 

{b)    Use  formula  442  given  in  Art.  2429,/=  ^.,  ,^'   ,,,. 

and  let  /  =  pounds  per  sq.  in.  of  contact  surface  and  B  = 
00,000  lines  of  force  per  sq.  in.,  the  density  at  contact  sur- 

(  c   K  .-^   ^-         >.       «0,000  X  00,000       ,,.  ,^^^  ,, 

face.      Substituting,  /  =      \  [ —  =  49. 9071  lb.  per  sq. 

<  ^jloijOOO 

in.     Ans. 

( 1  ()85)     From  the  Greek  word  Elcktron,  meaning  amber. 

(1086)  (Formula  409.) 

E  20 

^=R^  30+10  =  •  ^^^  ^™P^'^-     ^^^• 

(1087)  One  joule  =  .7373  foot-pound;  therefore,  elec- 

,                     foot-pounds       742,500 
trical  energy  =  -^^ =  ~Wn    ^  1.^07,052.76  joules. 

Power   is  the   rate  of   expending   energy,  and   is  found  by 
dividing  energy  by  the  time.      (Art.  2349.) 

P,     ^  .     ,  joules  1,007,052.70 

Electrical  power  =  — ~  =  -, ? — -^ = 

^  seconds       (4  X  3,000)  +  (21  X  60) 

1,007,052.76 


15,660 


=  64.3073  watts.     Ans. 


(1088)  The  sectional  area  of  A  is. 02' X. 7854  =  . 00031416 
sq.  in.  The  sectional  area  of  B  is  .02  X  .02  =  .0004  sq.  in. 
The  conductivity  of  a  conductor  is  proportional  to  its  sec- 
tional area.  Therefore,  the  relative  conductivities  of  the 
two  branches  A  and  B  are  .00031416  and  .0004,  respectively. 
The  current  divides  among  the  branches  of  a  divided  cir- 
cuit in  proportion  to  their  conductivities.  Therefore,  if 
r,  represents  the  current  in  branch  A,  and  C^  the  current 
in  branch  /?,  then   C,  :  (T,  ::  .00031416  :  .0004;  or,  T,  :  T,:- 

7854  :  1 ;  hence,  T,  =  -^g^,  or   C  =  .7854  C,.      Now,   C,  -\ 
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C^  =  2.6,  or  (T,  =  2.(5  —  C^.      Equating  the  two  values  of  C^, 

2  G 

2.6  —  6',  =  .7854  C^,  or  C,  =        '       =  1.45G2  amperes  in  B. 

Ans. 
C^  =  2.6  —  1.4562  =  1.1438  amperes  in  A.     Ans. 

(1089)  (Art.  2272.)  1  absolute  unit  of  current  = 
10  amperes;  consequently,  6. 74 absolute  units  =  6.74  X  10  = 
67.4  amperes.      Ans. 

(1090)  See  Art.  2201. 

(1091)  (Formula  409.) 

E       112 
C  =  ^  =  j—x  =  2.2764  amperes.     Ans. 

(1092)  (Formula  419.) 

jr=/iC:=  112.5  X  12.2  =  1,372.5  watts.     Ans.       . 

(1093)  (Art.  2323.)     Let  C,  =  current  in  A  and  C,= 

current   in  B;    the   conductivity  of   A=- — -. = ; 

resistance       40.2 

the  conductivity  of  B  = -. =  ■—,,     The    current   di- 

resistance       67 

vides  among  the  branches  of  a  derived  circuit  in  proportion 

to  the  conductivities  of  the   branches;  therefore,  C,  :  C^:: 

4972  •  67'  ^''  r;  =  4972'  ^^"^^'  ^'  =  loi"      ^""^  ^.+  ^.  =  - ''^> 

or  C=.7(J-C^.      Substituting,  .76-^,  =  ^^,  or  116.2  C^= 

37.392;  therefore,  C^=  .3218  ampere,  the  current  in  branch 
B.     Ans. 

r,  =  .76— r,  =  .76  — .3218  =  .4382  ampere,  the  current 
in  A.     Ans. 

(1094)  See  Art.  2303.     1  volt  =  100,000,000  absolute 

units  of  potential;  therefore,  1,764,300,000  absolute  units  of 

^       .  ,       1,764,300,000       ,„  ^,.,       , 
potential  =  --^^^^^^^^^^=17.643  volts.     Ans. 

(1095)  From  Table  83  (Art.  2414)  the  loss  is  .01518 
watt  per  cubic  inch  for  1  cycle,  when  the  density  is  90,300 
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liiic^,  oi  lurce  per  sq.  in.    1  cycle  =  -^  reversals;  therefore,  lo3 
reversals  =  G(j.5  cycles. 

Watts    expended  =  number   of    cycles  X  cubic    inches   of 
iron  X  .01518  =  66.5  X  65  X  .01518  =  65.61555  watts.     Ans. 

(1096)  See  Arts.  2205,  2275,  and  2383. 

(1097)  (Art.  231 0,  formula  411.)  £  =  C  R  =  {d*i.-i -^ 
i.r)  X  .1-27  =  57.9  X  .l-^:  =  7.3533  volts.     Ans. 

(1098)  By  formula  420   the  power  in  watts  is  11  = 
(''K  =  19.8'  X  11.8  =  39-2.04  X  11.8  =  4,6-26.072 watts.  Ans. 

(1099)  (Formula    412.)      Joint    resistance  =  A''  = 
r,  r,         7.19  X  .9-2       6.6148 


=  .8156  ohm.     Ans. 


r,-t-r,       .9-2  +  7.19         8.11 

(11 OO)     By  formula  413  the  joint  resistance  in  parallel  is 


R-'=  ''^'^^ 


37.3X49.9  X  57.1 


(49.9  X  57.1)  +  (37.3  X  57.1)  +  (37.3  X  49.9) 
106.278.517  106,278.517 


•.>.849.29  4-  -2,129.83  +  1,861.27  ~     6,840.39     ~  l''>'^37  ohms. 

Ans. 

(llOlj     (Art.  2282.)     One  ohm  ^  1,UU0, 000,000  abso- 
lute  units   of    resistance;    therefore,    875,000,000   absolute 
875,000,000  ^^     . ,  . 

""^^^  =  1,000,000,000  =  -'^'^^"^-    ^"^• 

(1102)  (Art.  2419.)     165,750-115,300  =  50,450  lines 

'f  force  which  are  not  useful.     According  to  formula  436, 

50  450 
the  per  cent,  leakage  =/  =  ,  ..'    ^^  x  100  =  30.437j^.     Ans. 

160,750 

(11 03)  Indestructibility  and  elasticity. 

(1104)  (Formula  411.) 

/  /?  =  2.73  X  49.3  =  134.589  volts.     Ans. 

(11  ()5)     (Formula  421.) 

...      /:'      78.8*       6,209.44      ,  „^  ^,.. 
W  ^   Tr=  ^rs-  =  -4r-5 — =  2,699.7565  watts.      Ans. 
K.  A.  6  A.a 
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(1  106)     (Formula  4 12.)     Joint  resistance  in  parallel  is 

j,„        r^r^         43.1x98.3       4,138.43       ,,^,^.    ^ 

R  =  — -^  =  ^Tj-.,    ,    ,,,-r  =     .,  ,,,  ■     =  29.47(5  ohms.      Ans. 

'^n  +  ^,       98.3  +  42.1  140.4 

(1107)     See  Art.  2358. 

(1  108)  By  transposition  of  terms  in  formula  437,  the 
number  of  useful  lines  of  force  is 

/(lOO-/)  _  370,420  X  (100  -  33)  __  ' 

^"  -  — 100 — 100 ^^^'^^i--^ 

useful  lines  of  force.     Ans. 

(1109)  Static  charges  and  currents. 

F       22  4 

(1110)  (Formula410.)    /^  =  =r=  ^  =  52.093ohms, 

total  resistance  of  the  circuit.  The  external  resistance  is 
the  difference  between  the  total  resistance  and  the  internal, 
or  52.093  —  13.4  =  38.693  ohms.     Ans. 

(1111)  (Formula  422.)  1  horsepower  =  740  watts; 
therefore,  2.33  X  740  =  1,738.18  watts.     Ans. 

(1112)  Let  r,=  resistance  of  branch  A  and  r^  =:  re-^ist- 
ance  of  branch  B.  Their  joint  resistance  in  parallel,  by 
formula  412,  is 

R"  =    ^'^^    .      Then,  19.9  =    ^'^°    ,  or  r,  =    ^'"'^  ^" 


r, +  r/  '       ■         ^2  +  ^,'  '       r^  — 19.9 

Let  C^  =  2.2  amperes,  the  current  in  branch^;  and   C^^ 
5.9  amperes,  the  current  in  B.     By  Art.  2323, 

1        1 


C,  :  C,  :: 


Substituting, 


n  .  .  5  rj  ..  1         .     1  5.9  (r,- 19.9)  _  2.2 

^•^'^••^"     19.9  r„    •   T'""         19.9  r„         ~r' 


r,-19.9 

and,  5.9  r,  —  117.41  =  43.78,  or  5.9  r,  =  101.19,  whence  r,  = 
27.3203  ohms,  the  resistance  6i  branch  B.      Ans. 
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C,  :  C,::—  :  — ,  or  2.3  :  5.9::^  :  .yf^^,  whence  2.2  r,= 

5.0  X  27.3203,  or  r,=  i^^^^^l^  =  73.2G81  ohms,   the   resist- 
ance  of  branch  A.      Ans. 

(1113)  See  Art.  2363. 

(1114)  (Formula  437.)  The  total  number  of  lines  of 
force  is 

,  _    100  /„     _  100  X  1,704:, 300  _  170,430,000  _  ,  ....  ^i  . 

^  -  100-/  -         100  -  01 39 ^,^23,840 

lines  of  force  developed  by  magnetizing  coils.     Ans. 

(1115)  SeeArt.  2204. 

(1116)  {a)  (Formula  41 0.)  A' =  ^  =  ^  z=  5.423 
ohms.     Ans. 

{b)  Let  r  —  internal  resistance ;  then,  7  r  =  the  external 
resistance  (the  external  being  7  times  the  internal),  r  +  7  r  = 
5.423,  or  8  r  =  5.423,  and  r=. 077875  ohm,  internal  resist- 
ance. Ans  7  r  =  7  X  .077875  =  4.745125  ohms,  external 
resistance.     Ans. 

(1117)  (Formula   422.)     740    watts  =  1    horsepower; 

03  420 
therefore,  03,420  watts  =  —^t-  =  85.0214  horsepower.    Ans. 

( 40 

(1118)  Let  6,  =  current  in  brancli  A  ;  C\  =  current  in 

branch  B;  and  r  =  resistance  of  branch  B.     Then,  4.5  r  = 

resistance  of    branch  A,  since  the  resistance  of  branch  yl 

is   4.5   times  the  resistance   of    branch   B.     (Art.  2323.) 

11  C 

^.  •  ^,  ••  T-i —  '•  — .  or  C,  =  -r~.    (The  two  r's  cancel.)    Also, 
'     4.0  r     r  '4.5  ' 

6",  =  23.4— C„  since  the  sum  of   the  currents  in  the  two 

C 
l^ranches  equals  23.4  amperes.     Equating,  23.4  —  (7,  = ---^, 

or  105. 3  -  4. 5  r,  =  C„  whence  105. 3  =  C,  -f  4. 6  C„  or  5. 5  C,  = 
105.3,  and  C^=  19. 1454  amperes,  current  in  B.     Ans. 

r,  =  23.4- r,  =  23.4-19.1454=  4.2540     amperes,     cur- 
rent in  A.     Ans. 
1/.  /  j 
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(1119)  See  Art.  2366. 

(1120)  SeeArt.  2208. 

(1121)  A  strength  of  current  of  1  ampere  decom- 
poses .0014388  grain  of  water  in  1  second  (Art.  2277);  to 
find  the  total  amount  of  water,  in  grains,  decomposed, 
multiply  .0014388  by  the  time  in  seconds  and  then  by  the 
strength  of  current  in  amperes.  .0014388x60x60  = 
5.17968.     5.17968  X  10  =  51.7968  grains  of  water.      Ans. 

(1122)  (Art.  2355.)  1  horsepower=  746  watts;  there- 
fore, 83. 42  horsepower  =  83.42  X  746  =  62,231.32  watts.  Ans. 

(1123)  Let    r  =  the    resistance    of    branch   B\     then, 

2. 7r=the  resistance  of  branch  yJ,  since  the  resistance  of 

branch  A    is  2.7   times  the   resistance  of  branch  B.      (Art. 

^^27?' 
2325.)       Toint    resistance  =  — ,    „'       ;     therefore,    47.9  — 
'      ■>  r  -{-  'Z.7  r 

--t44^-      Hence,  2.7  r=:  3.7  X  47.9,  or  2.7  r  =  177.23  ohms, 

r  +  2. 7  r 

the  resistance  of  branch  A.      Ans. 

65.6407  ohms,  the  resistance  of  branch/).     Ans. 


2.7 

(1124)  See  Art.  2366. 

(1125)  SeeArt.  2438. 

(1126)  (a)  Negative,      (l?)  Negative,      (c)  Positive. 

(1127)  (Formula  402.)  The  current  C=-^^^^-j^gg^^; 

where  w  =  weight  of  water  in  grains,  and  /  =  time  of  flow 

25 
in    seconds.      Substituting,    C  =  .oou388  X  4  X  60  X  60  = 

1.2066  amperes.     Ans. 

(1128)  (Formula  423.) 

^'^       3,362       ,  _„„„        . 
Horsepower  =  —-  =     '        =  4.5067.     Ans. 
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(11  29)     (Formula  41  2.)     Joint  resistance  in  parallel  = 

r>,         r^r^         2.4X987.3      3,369.52,      .,  „«.     u  a 

R   =  — \-^-~  =  ,  ,^  .^   ,    ^  .  =  -^7r:rT-sr-  =  2.394  ohms.     Ans. 
r,  +  r^       987.3  +  2.4         989.7 

(1130)  (Formula  427.) 

_      .V         103,750  103,750      ...„,„„   ,.  ,   . 

o  =  -r  =  —rrz 7-^  =  TTTrrr^T^  =  26,349.2   lines  of  force 

A       2.2o  X  l.To        3.937o  ' 

per  square  inch.     Ans. 

(1131)  See  Art.  2441. 

(1132)  To  detect  static  charges  of  electricity  and  de- 
termine their  sign,  whether  /'osi^ive  or  negative. 

(1133)  The  total  resistance  of  the  circuit  =  17.2 + 
8.2+11.3  =  36.7  ohms.  (Formula  411.)  E  =  C R  = 
.75  X36.7  =  27.525  volts,  total  electromotive  force  generated 
in  the  battery.     Ans. 

(Formula  41 1.)  E=C R=  .16x  11.3  =  8.475  volts, 
difference  of  potential  between  a  and  b.     Ans. 

£  =  C  R  =  .75  X  8.2  =  6.15  volts,  difference  of  potential 
between  d  and  c.     Ans. 

Art.  2318.  /:'  =  £"-Cr,  =  27.525-(.75  X  17.2)  =  14.625 
volts,  difference  of  potential  between  c  and  a. 

(1 134)  (Formula  424.)    Mechanical  power,  or  H.  P.  = 
EC      225  X  86.3 


746  746 


=  26.0288  horsepower.     Ans. 


> 


(1135)     The  resistances  may  be  found  by  Ohm's  law, 
as  follows: 

The  difference  of  potential  is  11.6  volts  =  E;  the  current 

E       lie 
in  .  /  is  6.7  amperes  =  C;  therefore,  R=  -^z=  —^  =  1.7313 

C        6.7 

ohms.     Likewise  for  branch  B,  the  resistance  R  =■  -r-j-  = 

2.3673  ohms.     Ans. 

This  example  may  also  be  worked  out  in  the  following 
manner: 
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The  sum  of  the  currents  in  the  two  branches  is  G.7  +  4.9  = 

11.6  amperes.     By  formula  410,  A' =  7^  =  — -— =  1  ohm, 

C        11.0 

tlie  joint  resistance  of  the  two  branches  in  parallel.  Let 
r,  =  the  separate  resistance  of  branch  A  and  r^  =  the  sepa- 
rate resistance  of  branch  B.      Then,  by  formula  412,  their 

r  f 
joint  resistance  =  R"  =  — '    "    .     Therefore,  since  1  ohm  is 

?'   -\-  r 

.     .  .  ?"    f  T 

also  their  lomt  resistance,  1  =  — V^— ,  or  r„  = ^——. 

'         r,  +  r,'  ^      r,  -  1 

Let  C^  =  the  current  in  branch  A,  and  C^  the  current  in 

branch  B. 

Then,  C,  :  (f,  ::  i-  :  — . 

Substitutmg,  6.7  :  4.9  ::  —  : ,  or  —  =  — -J — - — . 

r^         r,  r.  r. 


^-1 

Multiplying  each  side  by  r,,  4.9  =  6.7  r,  —  6.7,  or  6.7 
r,  =  4. 9  4-^-7;  whence  rj  =  1.7313  ohms,  the  resistance 
of  branch  A.     Ans. 

C.-'C^Wy-.y.     Substituting,  6.7  :  4.9  ::  yy^jg  :  — ,  or 

4.9  r,  =  11.59971,  and  r,  =  2.3673  ohms,  resistance  of  branch 
B.     Ans. 

(1136)  The  sectional  area  of  the  magnet  =  diam- 
eter'  X  .7854  =  .5'  X  .7854  =  .25  X  .7854  =  .19635  sq.  in. 
The  magnetic  density  is  found  by  dividing  the  total  number 
of  lines  of  force  passing  through  a  magnetic  circuit  or  a 
magnet  by  the  sectional  area;  therefore,  by  formula  427, 

3  927 
B  =  ■  ^\^,^f.  =  20,000  lines  of  force  per  sq.  in.     Ans. 

(1 137)  (Art.  2449.)  An  electromotive  force  of  1  volt 
is  generated  by  a  conductor  when  it  is  cutting  lines  of  force 
at  the  rate  of  100,000,000  per  second;  therefore,  by  formula 

j^_  N      _     3,660,000,000     _ 

'      '  '  ~  100,000,000  X  t  ~  100,000  000  X  60  ~      ^^  ■ 

Ans 
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(1138)  See  Art.  2211. 

(1139)  (Art.  2292.)     The  resistance  of  a  portion  of 
the  conductor  is,  by  formula  406, 

r.  X  /,       12.6  X  11       o  „„„_    , 
r,  =:  -^ — ?  = — =  8.6625  ohms. 

From  formula  411,  E  =  C  R  =  '2.^  X  8.6625  =  19.92375 
volts,  difference  of  potential  between  the  end  and  the  point. 

An<^. 

(1140)  (Art.  2356.)     Mechanical  power  = 
C^  R      11.4'  X  12.3 


746  746 


=  2.1427  horsepower.     Ans. 


(1141)  First  find  the  joint  resistance  between  a  and  b, 

or,  in  other  words,  the  joint  resistance  of  the  two  branches  in 

parallel,  by  formula  412  (Art.  2324).  The  joint  resistance 

.     „,        r^r^         793x979.3       776,584.9       .^^ -.^a,     u 
IS  R"  =  — 'y^-  =  =        '  =  438.1791  ohms. 

•  r^-\-r^      979.3  ^793         1,772.3 

From  formula  41 1,  i^=  (7  7?=.  23x438. 1791  =  100. 781 193 
or  100.7812  volts,  difference  of  potential   between  a  and  b. 

Ans. 

(1142)  The  sectional  area  of  the  bar  =  .25  X  .375  = 
.09375  sq.  in.  The  total  number  of  lines  of  force  is  found 
by  multiplying  the  sectional  area  by  the  magnetic  density; 
therefore,  by  formula  428,  N=z  .09375x34,500  =  3,234.375 
lines  of  force.     Ans. 

(1143)  By  formula  447, 

P_  N  _    48,900,000,000    _o.^ 

~  100,000,000 /  ~  100,000,000  X  60  ~      •    • 

(1 144)  If  4  units  of  electricity  repel  the  lever  arm  of 
a  torsion  balance  through  an  angle  of  20  degrees,  then  it  is 
evident  that  the  force  that  would  be  required  to  repel 
the  lever  arm  of  the  torsion  balance  through  an  angle  of 

1  degree  would  be  only  —-  as  great,  that  is,  — ,  x  4  =  — - 
J   20'        **         '  ♦  20'  400 

=  .01  of  a   unit  of  electricity.      The  (juantity  «»f  elertririty 
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required  to  repel  the  lever  arm  through  a  distance  of  45°  = 
45'  X  .01  =  45  X  45  X  .01  =  20.25  units  of  electricity.     Ans. 

(1145)     Reduce  the  time  to  seconds.     GO  X  CO  X  4.5  = 
i6,200  seconds. 

By  transposition  of  formula  405, 

^      Q       308,422      ^^  ^,,,, 
C=~  =  -r;^~;r  =  22.7421  amperes.     Ans. 
/         16,200 


F       48  4 
<r= -T^  =  -——  =  210.4348  amperes.     Ans. 


(1146)  (^)  (Formula  409.) 
^_B  _48.4_ 
^~  R-  .23  ~ 

{d)     (Formula  421.) 

/'''       48  4* 
Electrical  power  IV=  ~jy  =  — —  =  10,185.04  watts.     Ans. 

{c)     (Formula  423.) 

Tv/r     u      •     1  ^^        10,185.04       ,o,,^ou 

Mechanical  power  =  --—  =  — -— =  13.G528  horsepower. 

740  746  . 

Ans. 

(1147)  This  problem  can  be  solved  by  the  simple  ap- 
plication of  0/iw's  /azv,  and  by  considering  each'  branch 
separately.      (Art.  231 0.) 

In  branch  A,  the  difference  of  potential  between  the  two 

ends  is  125  volts,  and  the   resistance  of  the  branch  is  47.41 

ohms;    consequently,    by    formula    409,    the     current  = 

E         125 

7^  = -7—-r- =  2.0300  amperes.     Ans. 

K       47.41 

In  branch  7?,  the  difference  of  potential  between  the  two 

ends  is  also  125  volts,  and   the  resistance  is  09.8  ohms;  con- 

F        125 
sequently,  C  =  ~  =  — — ^  =  1.7908  amperes.     Ans. 
A        09.8  . 

(1148)  The  sectional  area  of  the  bar  =  2' X  .7854  = 
3.1410  sq.  in.  Applying  formula  4:2H,  N=A  B=:3.1410x 
50,000  =  175,929.0  lines  of  force.     Ans. 

(1149)  {(t)  Since  the  force  exerted  between  two  statically 
charged  bodies  is  equal  to  the  product  of  their  two  respect- 
ive charges  (Art.  2214),  and  a  unit  quantity  of  electricity 
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attracts  another  unit  quantity  of  opposite  sign  with  a  force 
of  1  dyne  at  a  distance  of  1  centimeter,  then  the  force  of 
attraction  exerted  between  the  two  gilt  balls  at  a  distance 
of  1  centimeter  is  20  X  5  =  100  dynes.     Ans. 

{b)  According  to  the  law  of  attraction  and  repulsion  of  static 
charges  (Art.  2213),  the  force  exerted  between  them  varies 
inversely  as  the  square  of  the  distance;  consequently,  if 
/"=  the  force  at  5  centimeters,  then  100:y"::o':  1,  or  5'/"  = 
100,  or  y=  4  dynes.     Ans. 

(1150)  First  reduce  the  time  to  seconds.  GO  X  GO  X 
2.25=8,100  seconds.  From  Art.  2281,  formula  405, 
(2  =  (7  /  =  8. 32  X  8, 100  =  G7, 392  coulombs.     Ans. 

(1151)  (Art.  2356.)  By  formula  424,  the  mechan- 
ical power  = 

E  C      525  X  12.5      6,5G2.5       _  ^_.  ,  . 

-^  = ~ =  ^-.^^  =  8. 79G9  horsepower.     Ans. 

(1152)  (Art.  2326.)  The  joint  resistance  of  three 
branches  in  parallel  is 

T    T    T 

7.9  X  13.3  X  25.8 

(13.3  X  25.8)  +  (7.9  X  25.8)  +  (7.9  X  13.3)  ~ 

2,710.806  2,710.80G       ,,,„,. 

.  '  ^^..^    ■ =     „ =  4.1575  ohms.     Ans. 


343. 14  +  203.82  +  105. 07         652. 03 

(1153)  The  end  b\  because  in  looking  at  that  end  the 
current  is  circulating  around  the  solenoid  in  the  opposite 
direction  to  the  motion  of  the  hands  of  a  watch.  (Art. 
2390.) 

(1154)  As  soon  as  the  two  gilt  balls  come  in  contact, 
the  -j-  4  charge  on  ball  A  neutralizes  a  —  4  charge  on  ball 
B,  leaving  a  negative  charge  of  —  20  units,  which  immedi- 
ately divides  equally  between  the  two  balls.  A  charge  of 
—  10  units  on  each  ball  produces  a  repulsion  of  10  X  10  = 
100  dynes  between  the  two  balls  at  a  distance  of  1  centi- 
meter; and  at  a  distance  of  2  centimeters  the  force  will  be 
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^4^  =  25  dynes,  since  the  force  exerted  between  them  varies 
inversely    as    the    square    of   the    distance.      (Art.  2213.) 

(1155)  Transposing    formula   405,/"  =  ^  =  — i7i~  ~ 
8,G70  seconds,  or  2  hours  24  minutes  and  30  seconds.     Ans. 

(1156)  (Art.  2356.)     Mechanical  power  = 

C'R      40.8^X4.4:       9,037.050       ,.^,..  ,  . 

-^ Y^ = j^ ::^  12.9183  horsepower.     Ans. 

(1157)  Towards  the  East. 

(1158)  See  Art.  2224. 

(1 159)  From  Art.  2333,  1  joule  =  .7373  foot-pound; 

therefore,  1  foot-pound  =    ^,,^,,  =  1.3503  ioules.     Ans. 

.7373  ■^ 

(1160)  (Formula  426.)     Mechanical  power  = 

^'  225.0'  50,895.30       .o.^.i. 

~  —  =  4.3455  horsepower.      Ans. 


740/^       740  X  15.7        11,712.2 


(1161)     From  formula  413,  the  joint  resistance  of  the 
three  branches  in  parallel  = 

r.  r„  r„ 


^  ^S  +  '',  ^3  +  ^1  ^ 

03.2  X  76.5  X  88.9 


(76.5  X  88.9)  +  (03.2  X  88.9)  +  (03.2  X  70.5) 

429,813.72  429,813.72 


24.9108  ohms. 


0,800.85  +  5,618.48  +  4,834.8        17,254.13 

The  difference  of  potential  between  where  the  three 
branches  divide  and  where  they  unite  is  C  X  J^  =  5.7  X 
24.9108  =  141.99150  volts. 

To  find  the  current  in  each  brancn,  consider  each  sep- 
arately and  apply  Ohm's  laiv  (formula  409)  : 

rr.,  •     u  ,      /.  •    ^       141.99150       „  „,„„ 

1  he  current  in  branch  A  is  — =  — T^~<r~~  ~  2.2407  ampercb. 

/*,  00.2  . 

"  Ans. 


ELECTRICITY  AND  MAGNETISM.  303 

n.r.  v.  ^     n-     ^         141.99150  ,    ^„^^ 

The  current  in  branch  />  is  —  =  — --— —  =  I.806I  amperes. 

r,  76.5  ^. 

'  Ans. 

,-  ^-    ^      141.9915G      ,  ^^„, 
The  current  in  branch  6  is  —  =  — -r-r-r; —  =  1.5972  amperes. 

r,  08. 9  . 

»  Ans. 

(1 162)  The  current  is  flowing  /ro7n  the  north  toivards 
the  south. 

(1 163)  Positive.  Since  a  negative  charge  is  developed 
on  sulphur  when  rubbed  with  silk  (Art.  2209),  this  negative 
charge  will  induce  a  bourid  positive  charge  on  the  cover 
towards  the  sulphur  and  a  free  negative  charge  upon  the 
opposite  side  of  the  cover,  which  will  neutralize  with  the 
earth  and  leave  the  positive  charge  alone  upon  the  cover. 

(1164)  {a)  First  reduce  the  time  to  seconds.  1.25  X 
00  X  60  =  4,500  seconds.  By  formula  414,  electrical  en- 
ergy =  J  =  C  Rt^  14.2  X  14.2  X  8  X  4,500  =  7,259,040 
joules.     Ans. 

(A)  By  formula  417,  mechanical  energy  in  foot-pounds 
F.  P.  =  .7373/  =  .7373  X  7,259,040  =  5,352,090.192  foot- 
pounds.    Ans. 

(1165)  Let  r,  =  resistance  of  1  mile  of  copper  wire, 
and  r^  ~  resistance  of  1  mile  of  iron  wire.  Since  the  resist- 
ances of  two  metals  are  inversely  proportional  to  their 
respective  conductivities,  r, :  r,  ::  1:  6.08,  or  r,  =  0.08  r,. 
Substituting  14  for  r„  r,  =  6.08  x  14  =  85.12  ohms  per  mile, 
the  resistance  of  the  iron  wire.  As  the  resistance  of  the 
conductor  is  proportional  to  its  length  (Art.  2292),  then,  by 
formula  406,  the  resistance  of  1,000  feet  of  the  iron  wire  is 

85.12  X  1,000      ,^  ,,^,^    ,  . 

''«  = .,  ^' =  10. 1212  ohms.     Ans. 

5,  *80 

Note. — In  the  two  cases,  as  the  diameters  of  the  wires  are  equal, 
tl\eir  sectional  areas  are  also  equal;  therefore,  the  sectional  areas  can 
be  neglected  in  solving  the  problem.     See  Art.  2293. 

(1  166)     The  sum  of  the  currents  in  the  three  branches 

is  7.7  -j-  23.9  -\-\i^  r=.  40.0  amperes.     The  difference  of  poten- 
tial between  the  point  where  the  branches  divide  and  the 
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point  where  they  unite  is  by  formula  411  =  C  R  =  46.6  X 
3.2  =  149.12  volts.  To  find  the  resistance  of  each  branch, 
consider  each  branch  separately  and  apply  Ohm's  law; 
therefore  (Art.  231 0), 

The  separate  resistance  of  branch  A  is 
E       140.12 


6\  7.7 


=  19.3062  ohms.     Ans. 


The  separate  resistance  of  branch  B  is 
■E       149.12 


C         23.9 


=  6.2393  ohms.      Ans. 


The  separate  resistance  of  branch  C  is 
E        149.12 


C  15 


=  9.9413  ohms.     Ans. 


(1167)  From  formula  430,  the  intensity  of  magneto- 

^.      r         -u       3.192  X  ^-/      3.192X4,620      ,  ,^,  ^^. 
motive  force  is  H  = -, = — — ^ =  1,474. 704. 

^  ^"  Ans. 

A  magnetic  density  of  1,474.704  lines  of  force  is  produced 
in  a  magnetic  circuit  when  H  =  1,474.704;  therefore,  the 
total  number  of  lines  of  force  in  the  circuit  is  equal  to  the 
product  of  the  magnetic  density  and  the  sectional  area,  or 
1,474.704  X  3.2  =  4,719.0528  lines  of  force.     Ans. 

(1168)  The  area  of  the. surface  of  the  sphere  =  diam- 
eter' X  3.1416  =  4  X  4  X  3.1416  =  50.2656  sq.  in.  From 
Art.  2225,  the  electric  density  of  a  charged  body  is  found 
by  dividing  the  number  of  units  of  electricity  by  the  area 
of  the  surface  upon  which  it  resides;  therefore,  the  electric 
density  of  the  sphere  is  400  -=-  50.2656  =  7.9577  units  of  elec- 
tricity per  sq.  in.     Ans. 

(1 169)  From  Art.  2333,  1  joule  =  .7373  foot-pound; 
therefore,  5,326,824  foot-pounds  are  equivalent  to 
5,326,824 


,7373 


-=7,224,771.463  joules.    Electrical  energy  in  joules= 


;-^  ,-  r  ^  joules         7,224,771.463  oo   oon  or/no 

EQ\    therefore,    g  =  •'    „     =- —-^ =32,839.8703 
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coulombs.     Transposing  formula  405, 

,.      Q        32,839.8703        „  ^.-.  . 

6  =  ^  =  „,^  — -  =  3.64:89  amperes.     Ans. 

/       60  X  60  X  2.5  ^ 

(1170)  From  Art.  2217,  the  conductivity  is  the  recip- 
rocal of  the  resistance ;  therefore,  the  conductivity  of  cop- 
per =  ^  =  1,  whence  the  conductivity  of  mercury  =  -^^  or 
.01695.     Ans. 

(1171)  (Art.  2326.)    The  joint  resistance  of  the  three 

T   T   T 

branches  in  parallel,  by  formula  413  = 


^  ^  +  '',  ^  +  ^^  ^ 
2  X  1.0  X  2.1  .798  .798 


1.9  X  2.1 +.2  X  2.1  +  .2  X  1.9       3.99  +  .12  +  .38       4.79 
.  1666  ohm.     The  difference  of  potential  between  a  and  b  is, 
therefore  (formula  41  l),£"=6'ye  =  67.4  X  .1666  =  11.22884 
volts.     Ans. 

(1 172)  From  formula  430,  the  intensity  of  magneto- 

,.       ,              „       3.192  xa-t     ^ 
motive  force  =  H  = -i ;  transposmg, 

Hx/ 
ampere-turns  =  . 

Substituting  the  values  of  H  and  /, 

ampere-turns  =  ^^^  ^^^^  =  1 ,  353. 383.     Ans. 

(1173)  />«;,<«((.«;  because  the  negative  charge  on  the 
inside  coating  induces  a  bound  positive  charge  ufxin  the 
inner  face  of  the  outside  coating  and  leaves  a  free  negative 
charge  upon  the  outer  face  of  the  outside  coating. 

(1174)  First    reduce  the  time  to  seconds;  15x60  = 

F.  P. 
900  seconds.     Then,  transposing  formula  41 7,  y=    y..^.;  = 

'K84  650 

'        =  1,335,480.808  joules.    Electrical  energy  in  joules  = 

c/T      .1        e  ^      joules       1,335,480.808       ,,^,«o.v/»^ 

E  Q\    therefore,    Q  —  ^ — j-,—  =  ~ -— =  11.612.8766 

ii  115 


3G6  PRINCIPLES  OF 

coulombs  of  electricity.     By  transposition  of  formula  405, 

^      Q       11,612.8706       ^^  ^^^^^  ,  ,    . 

6  =-y  =  — =  12.9032     amperes;     then,     applymg 

Ohm's  law,  R  =  -^  =  t^ttttttt^  =  8.9125  ohms.     Ans. 
C        12.90o2 

(1175)  From  Art.  2286,  the  resistance  of  a  column 
of  mercury  41.-7323  in.  high  and  .00155  sq.  in.  sectional  area 
is  1  ohm.  The  resistance  of  any  conductor  is  directly  pro- 
portional to  the  length  of  the  conductor,  Art.  2293  ;  then, 
if  the  column  were  1,000  feet  high,  its  resistance  r,,  is  given 
by  the  proportion  41.7323  :  12,000  ::  1  :  r,.  Equating, 
41.7323  r,  =  12,000,  or  r,  =  287.54705  ohms.  If  the  sec- 
tional area  of  the  column  were  .02'  X  .7854  =  .00031416 
sq.  in.,  instead  of  .00155  sq.  in.,  its  resistance  r^  would 
then  be  represented  by  the  proportion  287.54705  :  r^:: 
.00031416  :  .00155;  since  the  resistance  of  any  conductor 
is  inversely  proportional  to  its  sectional  area.  (Art. 
2295.)  Equating,  .00031416  r,  =  .00155  X  287.54705,  or 
j\  =  1,418.69724  ohms.  If  the  resistance  of  mercury  is  62.73 
times  the  resistance  of  silver,  then  the  resistance  of  a  silver 
wire  1,000  feet  long  and  .02"  in  diameter  would  be 

1,418.69724 


62.73 


=  22.6159  ohms.     Ans. 


(1176)  This  problem  is  a  simple  application  of  0/im's 
/aw  as  given  in  Art.  2310  ;  each  branch  can  be  considered 
as  a  separate  conductor  having  a  difference  of  potential  of 
225  volts  between  its  two  ends. 

Let  C,  =  the  current  in  branch  A , 
C^  =  the  current  in  branch  B; 
C^  =  the  current  in  branch  C. 

E       225 
The  separate  resistance  of  branch  A  is  -^  =  —^  =  13.2353 

ohms.     Ans. 

R       225 
The  separate  resistance  of  branch  B  is—^  =  -~—  =  5.7692 

ohms.     Ans. 
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Li        'I'l'y 
The  separate  resistance  of  branch  (T  is-^  =  ^—  =  'J.T8-^0 

ohms.     Ans. 

p 

(1177)  From  Art  2400, /'  =  rr :  where  /i  =  the  per- 

meability  of  the  substance,  B  —  the  magnetic  density,  and 
H  =  the   intensity  of    magnetomotive    force.      Substituting 

for  B  and  H,  /^  =  ''-^^^  =  00.5.     Ans. 

(1178)  See  Art.  2237. 

(1179)  See  Art.  2349. 

(1180)  From  Art.  2286,  the  resistance  of  a  column 
<*f  mercury  4:1.7323  in.  high  ami  (nil."..")  st[.  in.  sectional  area 
is  1  ohm;  if  the  column  wer^  ;.  high,  the  resistance 
(rj  is  given  by  the  proportion  rtl.T;>^3  :  T'2.3::l  :  r,,  since 
the  resistance  of  any  conductor  is  directU'  nronortional  to 
its  length.  (Art.  2293.)  Equating,  4:  ^  :■-'.;.  or 
r  =  1.7324  ohms.  If  the  sectional  area  be  uccrcascd  to 
.04'  X  .7854=  .00125004  sq.  in.,  the  resistance  i >■  \  uill  be 
given    by  the  proportion  1.7324  :  r,  ::  .0012.' 

since  the  resistance  of  any  conductor  is  inversely  propor- 
tional to  its  sectional  area.  (Art.  2295.)  Equating, 
.00125004  r,  =  1.7324  x.<'"i:.:.,  or  r.^  ~  2.1308  ohms.      Ans. 

(1181)  Each  brancli  can  be  considi  '^arate 
conductor,  with  a  difference  of  potential  is 
between  its  two  ends;  the  current  in  each  biam  u  ;  .uid 
by  the  application  of  Ohms  laze,  as  in  Art.  23 lO. 

Let  r,=  the  resistance  of  branch  A ; 
r^=  the  resistance  of  brancli  />'; 
/",=  the  resistance  of  branch   C 

C  -I  rvQ 

The  current  in  branch  A  is  --=  -— '-  =  2. <»c.n  ampere--.     Ans. 

Ill- 
The  current  in  brafich /•' :  :in[)i'res.     .\ns. 

The  cnrrent  in  branch  (' is     -  =:=  1 . '■■^i  .">  .i;;;;  m  !    -       A;;--. 

r         04 
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p 

(1182)     From  Art.  2400,  H  =  —  ;  where  jj.  =  the  per- 

meability,  H  =  the  intensity  of  the  magnetomotive  force, 
and  B  =  the  magnetic  density.      Substituting  850  for  //  and 

69,500  for  B,  H  =  ^^^|^  =  70.     Ans. 
850 

(11  S3)  (1)  Contact  of  two  dissimilar  metals.  (2) 
Chemical  action.      (3)  Magnetic  induction. 

(1184)  From  Art.  2357,  746  watts  =  1  horsepower; 
therefore,  1  watt  =  -^\^  horsepower  =  .00134  horsepower. 

Ans. 

(1185)  Since  the  resistance  (Art.  2293)  of  any  con- 
ductor is  directly  proportional  to  its  length,  the  resistance  of 

2,000  feet  of  the  round  wire  would  be  1 X  -  '        =  2  ohms.   The 

sectional  area  of  the  round  wire  is  .l'x.7854  =.007854sq.  in., 
and  the  sectional  area  of  the  square  wire  is  0.1x0.1  =.01 
sq.  in.  Since  the  resistance  of  any  conductor  is  inversely 
proportional  to  its  sectional  area  (Art.  2295),  then  the 
resistance  (r)  of  2,000  feet  of  square  wire  is  given  by  the 
proportion  2  :  r  ::.01  :  .007854  ;  whence,  equating,  .01  r  = 
2  X  .007854,  or  r  =  1.5708  ohms.     Ans. 

(1186)  Since   1  joule  ==  10,000,000  ergs  (Art.   2330), 

then    600,000,000   ergs    are    equivalent  to  ^,^?V^!^[^'^^^  =  GO 
'        '  ^  ^  10,000,000 

joules.  From  Art.  2333,  1  joule  =  .7373  foot-pound; 
then,  60  joules  are  equivalent  to  60  X  .7373  =  44.238  foot- 
pounds.    Ans. 

(1187)  From  Art.  2400,  B  =  /f  H;  where  B  =  the 
magnetic  density,  jx  =  the  permeability  of  the  magnetic 
substance,  and  H  =  the  intensity  of  magnetomotive  force. 
Substituting  180  for  H  and  450  for  //,  ^  =  450  X  180  = 
81,000.     Ans. 
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(QUESTIONS  118S-1229.) 


(1 188)  The  multiplying  power  of  a  shunt  of  oOU  ohms 
resistance  used  with  a  galvanometer  of  G'JU  ohms  resistance 
is  (Art.  2488) 

n  +  \  =  ^  +  \. 

Substituting  the  values  of  R,  and  R^  '^iven  in  this  exam- 
ple, 

The  current  flowing  through  the  galvanometer  is,  from 
formula  454, 

'~  n-^r  1' 

Substituting  the  values  of  C  and  n  -\-  I  in  the  above  for- 
mula, 

Ca  =  v-:^  =  .(V.20-21  ampere, 
"      2.38  ' 

the  current  in  the  galvanometer  when  shunted. 

As  a  current  of  .OG  ampere  gives  a  deflection  of  US''  with 
this  galvanometer,  its  constant  may  be  calculated  from 
formula  45(),  C  =  A'  tan  w°. 

Substituting  the  above  values, 

.00  =  A' X  2.4751, 

or  K=      '         = .  024242. 

2.4751 
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A  current  of  .02521  ampere  will  then  give 
.02621  =  .024242  X  tan  in°  \ 

02521 
whence,  tan  vi°  =  -—^"—^  =  1.0399. 

.024242 

From  the  table  of  tangents,  vi°  =  40°  7'+.     Ans. 

27:  Ai 


(1189)     {a)  Use  formula  448, /: 


r 


In  this  example,  A  =  .1,  /  =  1,  r  =  VZ  cm.  Substituting 
these  values, 

-      2-X.lXl       .02832        r^K^^^  A  A 

/= — =  — r^—  =  .05236  dyne.     Ans. 

•^  12  12  ■' 

(d)  In  Washington,  the  value  of  the  horizontal  compo- 
nent of  the  earth's  magnetism //"is  .200.  (Table  84. )  Then, 
by  formula  449,  /  =  H  tan  m°.  Substituting  the  above 
values,  /  =.05236  and  H  =.200, 

.05236  =  .200  X  tan  w°, 

o        .05236 
or  tan  7/i    =  ■ — — — —  =  .2618. 

From  the  table  of  tangents,  7U°  =  14°  40'+.     Ans. 

(1 190)  A  controlling  magnet  serves  to  vary  the  action 
of  the  earth's  field  on  the  magnet  of  the  galvanometer,  by  in- 
creasing or  decreasing  the  strength  of  the  earth's  field  at 
that  point.     (Art.  2466.) 

(1191)  The  specific  resistance  of  mica  is  84  tregohms 
(Table  85) ;  that  is,  the  resistance  between  two  opposite  faces 
of  a  cube  of  mica,  each  edge  being  1  cm.  long,  is  84  treg- 
ohms. 1  cm.  =.3937  inch;  therefore,  the  resistance  of  a 
piece  of  mica  ^  inch  long  and  1  cm.  square  would  be.  calcu- 
lated from  formula  406, 

r,  X  4      84  X. 125       ^^  ,.„  , 
^,  =  -^-^  ^       3^)3^      =  36.67  tregohms. 

1  sq.  cm.  =  .3937  X  .3937=  .155  sq.  in.  26.67  tregohms 
is,  then,  the  resistance  of  a  piece  of  mica  .155  sq.  in.  in  sec- 
tional   area,   .125  inch  long.     To  find  the    resistance  of   a 
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piece  10  X  10  —  100  square  inches  area,  formula  407,  r ^  — 
~ — ^,  mav  be  used, 

r  =  ■ =  Ji41.)4  trcLcohm. 

From    Art.     2515    the     prefix    tni^a    implies    a    unit 
l,000,<>0o.  inifs   as  large  as  the  ordinary  unit,  so  in 

this  case,  ■  -  .n-tLU  tregohm  to  <.i^.--    ''-lultiply  .(»li:]-4 

by  l,000,ti  .     to,  which  gives  41, ;].    .  0  ohms. 

Ans. 

(1192)     The   diagram    should    be    about    like    Fig.    :»r. 
The  principle  of  the  bridge  is  described  in  Art.  2509. 


Fig.  97. 

(1193)  ('0  In  example  IISO,  a  current  of  1  ampere 
through  1  turn  (section  III)  of  the  coil  gave  a  value 
of  y"=  .05236  dyne;  a  current  of  4^.2  amperes  through  3 
turns  (section  II)  of  the  coil  would  then  give  a  value  of 
/=  4.2  X  3  X    ""•'•'•  ^  .G5074  dyn.^ 

As  this  fore  a  deflection  -  e  value  of //"  may 

be  found  from  formula  449,  /=  //  tan  fn°. 

Tan  ///°  =  tan  lit    =  .^:!'.t!  ; 


hence. 


//  = 


//x  .said, 
..;4 


=  .78625. 


.8301 

The  value  of  //due  to  the    earlh  >    tiel.l  al  IMnKulelphia  i^ 
.1">)4.    (Table  S4.)    Consequently,  this  tiekl  is  inerea- 
—  .1'J4  =  .51)23  line  of  force  per  sq.  cm.      Ans. 
J/.  /..     \  I.    .1] 
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(Z')  If  the  polarity  of  the  controlling  magnet  be  reversed, 
the  earth's  field  will  be  lessened  by  .5923  line  of  force  per 
sq.  cm. ;  or  .194  —  .5923  =  —  .3983  line  of  force  per  sq.  cm. ; 
that  is,  the  value  of  H  acting  on  the  galvanometer  needle 
will  be  entirely  due  to  the  controlling  magnet,  and  will  be 
in  a  direction  opposite  to  the  lines  of  force  of  the  earth's 
field.  The  deflection  will  therefore  be  in  the  opposite 
direction,  and  its  amount  may  be  found  from  formula  449, 
/"=  //tan  ;«°,  by  substituting  the  values  of  f  and  //. 

y=  .65974,  as  before,  the  current  being  the  same.  //  = 
.3983,  as  found  above.  (The  minus  sign  merely  indicates 
direction  of  the  field  and  may  be  omitted.) 

Hence,  .65974  =  .3983  X  tan  ;//°,  or 

o       .65974        .  _^. 
tan  in    —  ==  1.6564. 

.o98o 

Then,  from  the  table  of  tangents,  in°  =  58°  53'.     Ans. 
Being  in  the  opposite  direction,  this  means  that  the  dif- 
ference between  the  two  deflections  is  58°  53'  +  40°  =  98°  53'. 

(1194)  {a)  See  Art.  2504. 

{b)  See  Art.  2504. 
{c)  See  Art.  2542. 

(1195)  {a)  See  Art.  2475. 
(/;)  See  Art.  2538. 

(1196)  See  Art.  2458. 

(1197)  The  principle  of  this  method  of  measuring  in- 
sulation   resistance    is    given    in    Art.    2530.     The    result 

T?     -    /  ° 

may  be  found  from  formula  465,  /=  — -tt> — •     As    in    this 

^1 
case  d°  and  d°   are    identical,   I  =  R  x.     The    number  of 

cells  .r  =  100,   and  R  is  11,800  ohms.     Then  /=  11,800  X 

100  =  1,180,000    ohms,    the    total    insulation    resistance    of 

the  wire.     This  sample  of  wire  is  20  feet  long,  but  1   foot 

of  each  end   projects    from    the  liquid,  so   that    the    actual 

length  of  the  piece  tested  is  18  feet,  or  6  yards.     The  total 
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insulation  resistance  multiplied  by  the  length  in  yards  gives 

the  insulation  resistance  per  yard  of  length.      (Art.  2523.) 

6  X  1,180,000  =  7,080,000  ohms  per  yard. 

Dividing  this  result  by  1,000,000  gives  the  megohms  per 

yard,  or 

7,080,000      ^  ^-  .  ,       . 

-1 =  7.08  megohms  per  yard.     Ans. 

1,000,000  ^  ^       ^ 

(1198)  See  Art.  2476. 

(1199)  (Art.  2513.)  Applying  formula  459  for 
working  up  the  readings  of  the  slide-wire  bridge, 

n  If       „      73.8      ,^      ^o  ,«    . 

—  X  /*=  -TT-:  X  10  =  28.17  ohms.     Ans. 

an  2b.  2 

(12(>0)     This  may  be  found  from  formula  448, 

%r.At 
r     ' 

In  this  example,  ^  — -rr:  =  .20;  /  =  2;  r  =  11 ;  2  :r  =  0.2832. 

Substituting  these  values  in  the  above  formula, 

^      0.2832  X  .26  X  2      3.2673       .^^^^    . 
/= — : = — — — =.29703  dyiu        Ans. 

(1201)  To  find  the  galvanometer  constant  from  the 
deflection,  the  strength  of  the  current  flowing  must  first  be 
determined.  This  may  be  found  from  the  increase  in 
weight  of  the  copper  negative  plate  (Art.  2496),  which  is 
2.26  grams.  As  is  there  stated,  a  current  of  1  ampere  will 
deposit  .0003280  gram  of  copper  in  1  second.  Then,  if  2.20 
grams  of   copper  have  been  deposited  in  1   hr.  40  min.,  or 

2  26 

(60  +  40)  X  60  =  6,000seconds,  — ^  =  .00037667  gram  was 

deposited  each  second.     As  1  amj>ere  would  have  deposited 

.0003286  gram  in  the  same  time,  the  actual  current  must 

.         .         .00037667      ,  , ,,.., 

nave  been  =  1 .  1403  amperes.    Knowmg  the  current 
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and   the  deflection  it  produces,  the  galvanometer  constant 
may  be  calculated  from  formula  450,  C  =  K  tan  in°. 

Substituting  the  values  of  C  and  tan  ;//"  in  this  equation, 

1.1463  =  Kx  .0004,  or  A'=  ^^^  =  1.2731.     Ans. 
'  .9004 

(1202)  By  the  electromagnetic  effect.      (Art.  2459.) 

(1203)  {(i)  The  specific  resistance  of  a  saturated  solu- 
tion of  copper  sulphate  is  29.3  ohms.  (Table  80.)  The 
length  and  sectional  area  of  the  body  of  copper  sulphate  in 
this  example  being  known,  the  actual  resistance  of  the  body 
may  be  calculated  from  formulas  406  and  407,  as  follows: 

The  resistance  of  a  body  of  the  liquid  1  cm.  long  and  1  sq. 
cm.  sectional  area  is  29.3  ohms,  from  the  table. 

The  length  of  the  liquid  in  the  example  is  4  inches,  or 
4  X  2.54  =  10. IG  cm.  Then,  the  resistance  of  a  body  of  this 
liquid  1  cm.  in  sectional  area,  10.  IG  cm.  long,  would  be 

r  -  ^-  X  4 

Substituting  the  values  of  r^,  /,,  and  4, 

29.3  X  lO.lG      ,,^^  ^    , 
r^  = =  297.7  ohms. 

The  sectional  area  of  the  body  of  liquid  in  this  example 
is,  however,  G  in.  X  8  in.  =  48  sq.  in.  =  48  X  G.45  =  309.6 
sq.  cm.,  and  the  resistance  of  this  body,  10. IG  cm.  long  and 
309.  G  sq.  cm.  area,  may  be  found  from  the  formula 

_  ^.  ^^ 
'''  ~    «.  ' 
Substituting  the  values  of  r,,  a^,  and  a^, 

297.7  X  1 


309.  G 


=  .9616  ohm.      Ans. 


{b)  From  the  table,  the  specific  resistance  of  a  solution  of 
sal  ammoniac  of  maximum  conductivity  is  2.50  ohms.  If 
the  copper  sulphate,  specific  resistance  29.3  ohms,  be  re- 
placed with  the  sal  ammoniac,  specific  resistance  2.50 
ohms,    the  resistance   of    the   body   will  be   reduced   in  the 
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same  proportion ;  that  is,  the  resistance  with  sal  ammoniac 
2.50 


will  be 


29.3 


.085324  times  that  with  copp>er  sulphate. 


Then,  .9616  X  .085324  =  .082047  ohm,  resistance  of  sal 
ammoniac  solution.     Ans. 

( 1 204)  The  multiplying  power  of  a  shunt  is  n  -\- 1, 
where  ;/  =  -r/,  Rg  being  the  resistance  of  the  galvanometer 
and  R,  the  resistance  of  the  shunt.     (Art.  2488.) 

In  this  case, 

{a)  R„  =  120  ohms,  /?,  =  20; 
then,  ;/  =  Vj?  =  6,  and  «  +  1  =0+1=7.     Ans. 

{^)  R„  =  180  ohms,  R,  =  20 ; 

then,  n  =  W  =  9.  and  //  +  1  =  9  +  1  =  10.      Ans. 

(c)  A^,  =  300,/?.  =  20; 

then,  ;/='//  =  15,  andr  + 1  =  15  +  1  =10.     Ans. 

(1205)  SeeArt.  2509. 

(a)  In  this  case,  the  various  circuits  of  the  bridge  would 
be  as  represented  in  Fig.  B 

98.  ^ "'''''"ZT 

The   balance    arms   are  /  •ACr--?  't^^a^ 

a   L    and   a   d\  adjustable  \<r.y^^    i^  A  /VX<^ 

arm,  i/  h.  G  is  the  gal- 
vanometer, connected  to 
c  and  //,  and  B  is  the  bat- 
tery, connected  to  a  and 
b.  The  unknown  resist- 
ance is  connected  be- 
tween b  and  c. 

(b)  The  resistances  in 
each      balance     arm    are 
equal,     being    100+10  + 
1  =  111  ohms  each.     The  re.- 
1  +  2  +  2  +  5  +  10  +  20  +  20  +  50  +  100  =  210  ohms.     The 
unknown    resistance   is    then    found    from    formula   4ftd« 

A  =  ^  X  P. 


\n  the  adjustable  arm  is 
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In  this  case,  J/=  111,  N=  111,  and  P=  210. 
Then,  X  -  \\\  x  210  =  210  ohms.     Ans. 

(1206)  The  resistance  coils  of  the  bridge,  having  no 
temperature  coefficient,  would  always  be  of  the  same  resist- 
ance ;  but  the  resistance  of  the  copper  wire  coil  would  vary 
with  the  temperature.  (Art.  2516.)  In  this  example, 
the  resistance  of  the  copper  wire  coil,  as  measured  by  the 
bridge,  is  210  ohms  at  91°  F.  At  45°  P.,  which  is  a  tem- 
perature of  4G°  F.  lower,  its  resistance  would  be  found  to 
be  less.     According  to  formula  463, 

*1»  ^'"  ini.05. 


"       l  +  bF°       1 +  .802156  X  4G°       1.099170 

The  change  in  resistance  is  the  difference  between  210, 
its  first  value,  and  191.05,  its  decreased  value,  or 

210- 191.05  =  18.95  ohms.     Ans. 

(1207)  {a)  See  Art.  2520. 
(/;)   See  Art.  2521. 

(1208)  {a)  A  diagram  similar  to  that  shown  in  Fig. 
991  is  required. 

{b)  The  calibrating  coil  is  used  to  set  up  a  field,  the  in- 
tensity of  which  can  be  calculated.  Since  this  field  is  set 
up  in  air,  wood,  or  other  non-magnetic  medium,  the  intensity 
of  the  field,  H,  in  the  coil  may  be  calculated  by  formula 
430,  because  the  number  of  turns  on  the  solenoid  and  also 
its  axial  length  are  known.  The  kick  of  the  galvanometer 
corresponding  to  various  known  values  of  H  can  thus  be  cal- 
culated, and  by  comparing  these  kicks  with  those  obtained 
when  the  secondary  coil  .S  on  the  iron  ring  is  in  use,  the 
value  of  B  may  be  determined  as  explained  in  Art.  2486. 

{c)  The  objection  to  the  step-by-step  method  is  that  if 
any  mistake  is  made  in  one  of  the  first  readings,  it  is  carried 
through  the  whole  series  of  readings.      If  careful  work  is 
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done,    however,    this   objection    should    not    prove    serious. 
See  Art.  2486. 

(d)  In  the  step-by-step  method,  the  current  in  the  primary 
is  suddenly  increased  or  decreased.  In  the  reversal  method, 
the  current  in  the  primary  is  reversed  by  means  of  the 
switch  //,  Fig.  OOL      See  Arts.  2484  and  2485. 

( 1  2()9)  {(r)  The  heating  effect  of  the  current  is  made  to 
cause  the  expansion  of  a  wire.  This  expansion  is  then 
measured,  giving  a  measure  of  the  current. 

{/>)  The  Cardew  voltmeter  is  one.      (Art.  2541.) 

(1210)  (Art.  2515.)  The  specific  resistance  of  a 
substance  is  the  resistance  of  a  cube  of  the  substance  1  cm. 
on  each  side,  measured  between  two  parallel  faces  of  the 
cube.  The  resistance  of  a  piece  of  a  substance  of  any  length 
and  sectional  area  being  known,  the  specific  resistance  of 
that  substance  may  be  found  from  the  formulas  given,  as 
follows: 

The  length  of  the  piece  in  the  example  is  1  inch.  Its  re- 
sistance, if  its  length  were  1  cm.,  its  area  being  unchanged, 
may  be  found  from  formula  406, 

_r.  /, 
'',-    /^  • 

In  this  example  r,  =  .OOOOOS24  ohm,  /,  =  1  in.,  /,  =  .3037 
in.  (1  cm. ). 

,,,,                  .00000824  X  .3937        ^^,,^„., , , ,      , 
1  hen,  r,  = =  .0000032441   ohm, 

the  resistance  of  a  body  of  this  substance  1  cm.  long  and 
1  sq.  in.  sectional  area.  To  find  the  resistance  if  the 
area  be  reduced  to  1  st}  « m  (  1  ."•.">  sc]  in.),  formula  407 
may  be  used : 

r.  a. 
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In  this  example,  as  it  now  stands,  r,  =  .0000032441,  a^  = 
1  sq.  in.,  a^  =  .155  sq.  in. 

Then,  ..  =   "OOOOf  t"  ^  '  =  .00002093  ohm.     A„«. 

Or,  multiplying  by  1,000,000,  gives  20. 93  microhms.     Ans. 

(1211)  Formula  451,  /=  //  sin  m°,  may  be  used  in 
solving  this  example. 

The  magnet  being  short  in  proportion  to  the  diameter  of 
the  coil,  the  value  of /"may  be  found  from  formula  448, 

^  ~      r     ' 

302 
In    this    example,  A  =  '-^  =  .0362,   /  =  8,  r  =  12,   2  tt  = 

6.2832. 

Then,  /=  8-^83^  X  ^03Ca  X  8  ^    ^^^^^ 

■^  12 

As  the  instrument  is  set  up  in  Chicago,  the  value  of  H 
(Table  84)  is  .184; 
then,  .15163  =  .184  X  sin  m°, 

or  sin  in°  =  ^^  =  .82408, 

.  lo4 

and,  from  the  table,  vi°  =  55°  30',  nearly.     Ans. 

(1212)  The  fundamental  equation  of  the  Wheatstone 
bridge  (formula  459)  is 

It  will  be  seen  from  the  connections  of  the  battery  and 
galvanometer  circuits  in  the  diagram  that  the  coils  lying 
between  c  and  a  form  the  upper  balance  arm  of  the  bridge, 
and  hence,  in  this  example,  J/=  1  ohm;  the  coils  between 
a  and  d  form  the  lower  balance  arm,  and  hence  A^=100 
ohms;  and  the  coils  between  d  and  ^  form  the  adjustable 
arm,  and  hence  P  =  500  +  200  +  20  +  2  +  1  =  723  ohms. 
Substituting  these  values  in  the  fundamental  equation, 

M  1 

A'  =  -^  X  /"  =  Y^  X  723  1=:  7. 23  ohms.     Ans 
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(1213)     (Art.  2546.)     Formula  466,  R  =  rO^-lY 

applies  to  this  example. 

The  source  of  the  E.  M.  F.  in  this  case  being  a  dynamo 
giving  a  constant  potential  of  115  volts,  the  deflection  of  the 
voltmeter  when  connected  directly  to  the  dynamo  will  be 
115;  i.  e.,  d=  115. 

From  the  example.  </,  =  17.5  and  R  =  18,000. 


Then,  R  =  18,000  X  (^^  ~  ^) — 


18,0<X)  X  5.5T14  =  100,285  ohms, 
or,  practically,  .1  megohm.     Ans. 

(1214)  The  ratio  of  the  drops  through  two  conductors 
in  series  is  the  same  as  the  ratio  of  their  resistances.  If  at 
15°  C.  their  resistances  are  equal,  at  any  higher  temperature 
their  resistances  w^ould  both  be  increased  by  an  amount  de- 
pending'on  their  temperature  coefficient. 

The  temperature  coeflicient  of  copper  is  .00388,  while  that 
of  mercury  is  .00088,  so  that  the  resistance  of  the  copper  at 
a  temperature  of  62°  C,  which  is  a  rise  of  47°  C.  would  be, 
from  formula  460, 

r,  =  r^  (1 +  .00388  O. 
where  /\  =  resistance  at  15°  C.  and  r,  =  resistance  at  15  +  C.°, 
or  r,  =  r,  X  [1  -f  (.00388  X  47)]  =  1. 1824  r„ 

and  the  resistance  of  the  mercury  would  be 

r,  =  r,  (1  4-  .00088  C% 
or  ^  =  ^  X  [1  +  (.00088  X  47)]  =  1.0413  r,. 

The  value  of  r,  being  the  same  for  both  the  mercury  and 
the  copper  part  of  the  circuit,  at  15°  C,  since  the  drop  is 
the  same,  at  62°  C.  the  drops  will  be  directly  proportional  to 
the  resistances,  or 
drop  through  mercury  :  drop  thrwui^li  copper::  1.0413 r,  : 

1. 1S24  r,,  and  their  ratio  would  be  ..,.,,•     Ans. 
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(1215)  The  current  in  the  coil  of  a  tangent  galvanom- 
eter being  directly  proportional  to  the  tangent  of  the  angle 
of  deflection  (formula  450),  the  shunt  in  this  example  must 
reduce  the  current  in  the  galvanometer  from  K  X  tan  58°  to 
K  X  tan  31°;  from  the  table,  tan  58°  =  1.6003  and  tan  31°  = 
.0000.  Then,  the  shunt  reduces  the  current  from  1.G003  K 
to  .(iOOO  K.  The  multiplying  power  of  the  shunt,  «  +  1, 
may  be  obtained  from  formula  454, 

^^-  n-\-\ 

In  this  example  C^,  =  .0009  A'.  The  total  current  being 
the  same  as  when  the  whole  current  was  passing  through  the 
galvanometer,  6^=  1.0003  K. 

Then,  .0009  A- =1:^^^, 

;z  +  1 

or  («  +  1)  X  .0009  A'r^  1.0003  K, 

Then,  ;/  =  1.6632. 

Also,  n  =  ^,ovR,  =  ?^, 

From  the  example,  Ry  =  400  ohms. 

Then,  R,  =  t^^  =  240. 5  ohms.     Ans. 

l.uoo-2 

(1216)  (Art.  2507.)  The  combined  resistance  of  A 
and  JT  in  parallel  is  to  the  resistance  of  7?  as  4.1  is  to  5.6. 
B  being  77  ohms,  then  the  combined  resistance  of  A  and  X 
in  parallel  is 

4.1  X  77       315.7 


5.6  5.6 


56.375  ohms. 


5  6 
(/;)     The  current  flowing  in  the  circuit  is  -^—  =  .07273  am- 
pere.     Ans. 

(c?)     Since  through  the  resistance  A  of  196  ohms,  enough 
of  this  current  is  passing  to  cause  a  drop  of  4.1  volts,  or 

— -  =  .02092  ampere,  the   balance,  .07273  -  .02092  =  .05181 
190 
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ampere,  is  flowing  through  the  unknown  resistance,  causing 
a  drop  of  4.1  volts.     (See  Arts.  2323  and  2324.)     The 

unknown  resistance  is,  then, 

R  =  ~=      ^:\^   -  79.135  ohms.     Ans. 

(1217)  The  problem  may  be  solved  by  first  finding  the 
value  oi  A  t  in.  formula  448,  the  other  quantities  being 
given.  The  diameter  of  the  coil  =  10 14  in.  =  19.G8T5  X 
2.54  =  50.00G  cm. 

2   —  yj    / 

Then,  in  the  formula /"= —^^^ , 

/=  .7,  r  =:  ^lM!2!i.  =  25.003,  2  r  =  0.2832;  hence, 

.7  -  ^'•'ty^,;^^  or  .7  =  .2513 /i  /,  andyi  /  =  -^^  =  2.7855. 
2o.00.i  .2ol.3 

In  this  expression,  ^  =  C.  G.  S.  amperes;  so  this  value 
must  be  .multiplied  by  10  to  give  the  correct  result.  10  X 
2.7855  =  27.855  =  product  of  amperes  and  turns.     Ans. 

(1218)  SeeArt.  2507. 

{a)     The  two  resistances  being  directly  proportional  to  the 

drops  through  them, 

^V:  41  ::  7.54  :  10.  GG, 

^      41  X  7.54      -^    ,  . 

or  X  =  —r—-^ —  =  29  ohms.     Ans. 

10.00 

(/;)  The  current  may  be  found  from  Ohm's  law  (Art. 
2310).  The  known  resistance  being  41  ohms,  and  the 
drop  through  it  10.  G6  volts,  the  current  is 

^      E       10.  GG        ^^^  . 

C  =  -75-  =  — -r-  =  .20  ampere.     Ans. 
J<         41 

(1219)  SeeArt.  2458. 

(1220)  (Art.  2462.)  By  bringing  to  bear  upon  the 
poles  of  the  magnet  a  known  constant  force  in  a  different 
direction  from  that  exerted  by  the  coil  and  measuring  the 
resultant  of  the  two  forces. 
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(1221)     (Art.  2546.)     The  total  resistance  of  the  rod 
may  be  found  from  Ohm's  law  (Art.  231 0), 

R  =  ^ 
C 

In  this  case,  C  =  ^6A,  E  =  .00875.     Then,  R  =  ^^  = 

O0.4 

.0002472  ohm,  the  resistance  of  25  inches  of  the  rod.     The 
resistance  of    1  foot  of   th( 
12  =  . 00011 8GG  ohm.     Ans. 


r     1    r      .       r    .u  ,  u    .i  u      -0002472 

resistance  of    1  foot  of   the  rod  would  then  be  ■ — -— —   X 

25 


( 1 222)     {b)  (Art.  2488.)  In  formula  454,  C,=     ^ 


n  +  V 

there  is  given  in  this  example  Cg  and  C.  Cg  must  be  the 
same  with  or  without  the  shunt,  as  the  deflection  is  the 
same  in  both  cases. 

Then,  Cg  =  .062  ampere, 

C  =  .558  ampere. 

558  558 

Hence,  .062  =   '         ,  or  '-—^  =;?-[-  1  =  9,  the  multiplying 

power  of  the  shunt.     Ans. 

/    \  n         1         o  1  ^a  n         ^g        1,086 

(a)     ;^  =  9  —  1  =  8 :    also,    ;/  =  -j^,   or   R^  =  —?  =  -!- — -  = 
^  ^  A,  ;/  8 

135.75  ohms,  resistance  of  the  shunt.     Ans. 

(c)  The  combined  resistance  of  the  galvanometer  and 
shunt  may  be  found  from  formula  412,  Art.  2325.  The 
joint  resistance  is 

r    T 

R"  z=      >     " 

^  +  ^.' 

In  this  case,  r^=  1,086  ohms  and  r^='\  35.75  ohms. 

„,  ^„       1,086X135.75       147,424       ^.^  _    , 

^^^"'  ^  =  135.75  +  1,086  =  1:22175  =  1''- ' '  ^^'"^- 
As  the  office  of  the  compensating  resistance  is  to  add  to 
the  joint  resistance  of  galvanometer  and  its  shunt  suffi- 
ciently to  make  the  total  resistance  equal  the  original  resist- 
ance of  the  galvanometer  alone,  then,  in  this  case,  the 
compensating  resistance  =  1,086  —  120.67  =  965.33  ohms. 

Ans. 


ELECTRICAT.  >rE ASUREMENTS.  383 

(1223)  (Arts.  2493  to  2495.)  :-»  hours  =  GO  x  2  x 
GO  =  7,:iUU  seconds.  We  may  here  use  formula  455,  where 
the  given  loss  in  weight  Zl\—  r/^  is  -2.1  grams.  Then  the 
strength  of  current  is 

2  1 

C  — -^, r— ; —  =  3.128  amperes.     Ans. 

.00009324:  X  T,200  ^ 

(1224)  (Art.  2458.)  On  the  distance  between  the 
conductor  and  the  magnet  pole;  on  the  length  of  the  con- 
ductor; on  the  strength  of  the  current;  and  on  the  strength 
of  the  magnet  pole, 

(1225)  See  Art.  2492  and  Art.  2506. 

{a)     The  resistance  may  be  found  by  Ohm's  law 

The  answer  should  be  carried  to  four  significant  figures, 
the  accuracy  of  the  instruments  not  being  within  1^. 

4  9 
Then,  R  =  ^^  =  2.13  ohms.     Ans. 

{d)  In  this  case,  the  result  should  be  carried  out  to  six 
significant  figures,  the  accuracy  of  the  instruments  being 
within  between  .1^  and. 01^. 

Then,        A'  =  ."   -  =:;  -.Moia:;  ohms.     Ans. 

(1226)  The  scale,  the  beam  of  light,  and  the  line  from 
the  zero  of  the  scale  to  the  mirror  form  a  right-angled  tri- 
angle, and  the  angular  deflection  of  the  beam  of  light  from 
its  zero  position  can  be  calculated  from  the  length  of  the 
part  of  the  triangle  formed  by  the  scale,  and  the  distance 
between  the  center  of  the  scale  and  the  mirror,  by  applying 
the  rule  given  in  the  section  <»n  Geometry  and  Trigonometry: 

.    ,  side  opposite 

the  tangent  ot  th<-  a:  -      ^ -^. 

de  adjacent 

Then,  when  the  spot  <<i  li^iii  is  deflected  to  the  end  of 
the  scale,  the  "side  f)pii(isiic  "  is  i'(}ual  to  ont-half  the  total 
length  of  the  scale,  or  "^-i  inches.      Tl.  .  ijaccnt  is  the 
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distance  from  the  mirror  to  the  center  of  the  scale,  or  30 
inches  (2^  ft.). 

Then,  ff  =  .8,  the  tangent  of  the  angle  made  by  the  beam 
of  light,  when  deflected,  with  its  zero  position. 

From  the  table,  .8  =  tan  38°  40',  nearly.  Now,  as  the 
angle  which  the  beam  of  light  makes  with  its  zero  position 
is  twice  the  angle  of  deflection  of  the  needle  (Art.  24:74:), 

the  deflection  of  the  needle  is  — =  19°  20'. 

Similarly,  when  the  deflection  of  the  ray  of  light  extends 

over  12"  of  the  scale,  the  tangent  of  the  angle  is  i|  =  ,4,  the 

angle  is  21°  48',  and  the  angle  of  deflection  of  the  needle  is 

21°  48' 

— - —  =  10°  54';  and  when  the  deflection  of  the  ray  of  light 
2 

is  G  inches,  the  tangent  of  the  angle  is  /^jj  =  .2;  the  angle   is 

11°    18',     and    the    angle    of    deflection    of    the    needle    is 

H^  =  5°  39'. 

To  find  the  current  required  to  cause  these  deflections, 
formulas  4:49  and  448  should  be  used.    In  formula  449, 

/  =  //  tan  w°, 

H=  .184;  tan  w°  = 

(a)  tan  19°  20' =  .35085, 

(d)  tan  10°  54' =  .19257, 

(c)  tan    5°  39'  =  .09893. 
Then,                   («)/  =  .  184  X  .  35085  =  .  0G4556, 

(d)  /  =  .184  X  .19257  =  .035433, 
(c)  /  =  .184  X  .09893  =  .018203. 

In  formula  448, 

27:  A  t 

f  is  as  just  given ;  /  =  6 ;  r  =  12  cm. 
Then  («),  .06455G  =  ^i^832x_^_6  ^  ^^^^^  ^^ 

.       .06455G        „^^_ 
^=-3^^  =  .02005. 

Multiplying  by  10,  to  get  the  amperes,  gives. 2055.      Ans. 
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(d)  .035433  = j^ =  3.1416  A, 

,       .035433        ^^^^ 
or  A  =    ,  ,  .,     =01 128. 

■1.141'' 

Multiplying  by  lu,  to  get  the  amperes,  gives  .11'2S.     Ans 
(,)  .018203  =  '1:^^  ^^I  =  3.U16  A. 

^=:|1^  =  . 005794. 
o.l41'j 

Multiplying  by  10,  to  get  the  amperes,  gives  .v'.jl.»4.    Ans. 

(1227)     See  Art.  2522. 

{(i)     Formula  4rG4,  for  finding  the  insulation  resistance 
of  a  line  by  this  method,  is 

T  _K.  tan  d 
~   tan  ^ ' 
where  A'  =  value  of  the  known  resistance,  d  =  angle  of  de- 
flection when  R  is  in  circuit,  and  d^  =  angle  of  deflection 
when  the  battery  is  connected  to  the  earth. 

In  this  case,  R  =  15,000  ohms,  d=  69°,  d^=  30°  30'. 

Then,  tan  d=  2.605  and  tan  d^  =  .5891,  and 

,      15,000  X  2.605       39.075      ,...  ^.^^    . 
^=  —5891 ■=  :589T  =  "'^'•^'^^  ^^'"^  = 

^  '  '  ^    —  .06633  megohm.     Ans. 


1,000,000 

{l>)  (Art.  2522.)  In  this  case  the  length  of  the  line  is 
given  as  10  miles.  The  insulation  resistance  per  mile  is, 
then,  10  X  .06633  =  .6633  megohm.     Ans. 

{c)  There  being  440  poles,  thd  insulation  re^I>iran.  e  per 
pole  is  440  X  .06633  =  29.2  megohms.     Ans. 

Note. — This  method  not  being  accurate  within  l<f,  four  significant 
figures  are  sufficient  in  any  calculation  or  in  the  result. 

(1228)     See  Art.  2477. 
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(1229)     (rf)  The    diagram    should    be    about   like    Fig. 
100.   (See  Arts.  2524  and  2526.) 

r 


Fig.  100. 


(d)     The   diagram  should  be  about   like   Fig.  101.     (See 
Art.  2546.) 


Fig.  101. 


1/   / 


1  / 


BATTERIES. 

(QUESTIONS  1230-1292.) 


(1230)  SeeArt.  2550. 

(1231)  {a)  SeeArt.  25 70. 
(^)  See  Art.  2568. 
(c)  See  Art.  2569. 

(1232)  {a)  The  cause  of  the  E.  M.  F.  of  a  cell  is  the 
affinity  which  exists  between  elements  of  the  various  sub- 
stances which  make  up  the  cell. 

{d)  The  current  from  a  cell  is  maintained  by  the  com- 
bination of  various  elements  of  the  substances  constituting 
the  cell  keeping  up  the  E.  M.  P.,  which  maintains  the  cur- 
rent.    (See  Art.  2576.) 

(1233)  See  Arts.  2599  and  2654. 

( 1  234)  The  gravity  Daniell  cell  employs  as  an  anode, 
zinc;  as  an  electrolyte,  a  solution  of  zinc  sulphate;  as  a  de- 
polarizer, a  solution  of  copper  sulphate ;  as  a  cathode,  cop- 
per. The  liquids  have  different  specific  gravities,  so  that 
they  may  be  kept  one  over  the  other  in  the  cell  without  mix- 
ing. The  cell  gives  a  constant  E.  M.  F.  of  about  1.07  volts. 
The  zinc  sulphate  solution  is  continually  formed  while  the 
cell  is  in  action,  and  must  be  occasionally  removed ;  the  cop- 
per sulphate  solution  is  continually  reduced,  and  must  be 
occasionally  replaced.  The  cells  are  used  largely  in  tele- 
graph and  fire-alarm  work.  (See  Arts.  2655  to  2671 
and  2706  to  2709,  inclusive.) 

(1235)  This  may  be  calculated  from  the  electrochem- 
ical equivalent  as  follows  :  1  ampere-hour  =  1  ampere  for 

Por  notice  of  copyright,  sec  ivmv  i :  fqllQwing  the  title  p*ii^ 
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1  hour,  or  60  X  60  X  1  =  3,600  coulombs.  As  the  consump- 
tion of  zinc  is  .0003382  gram  per  coulomb  (Table  89,  column 
6),  the  consumption  per  ampere-hour  is  3,000  X  .0003382  = 
1.218  grams  per  ampere-hour.     (See  Art.  2718.) 

(1236)  The  maximum  current  will  flow  when  the  inter- 
nal resistance  equals  the  external.  (Art.  2722.)  In  this 
case,  the  external  resistance  is  3  ohms,  and  the  combination 
of  cells  which  will  give  this  resistance  will  be  found  by  cal- 
culation to  be  2  sets  in  parallel,  with  6  cells  in  series  in  each 
set.  The  internal  resistance  of  a  set  of  6  cells  in  series,  of 
1  ohm  resistance  each,  would  be  6  ohms,  and  the  resistance 
of  two  such  sets  would  be  |  or  3  ohms.  (Art.  2721.)  The 
E.  M.  F.  of  a  battery  thus  arranged  would  be  6  X  2  =  12 
volts  (Art.  2721),  and  the  resistance  of  the  circuit  is  3 
ohms  internal -|- 3  ohms  external,  or  6  ohms;  the  current 
would  then  be  ^-  =  2  amperes.     Ans. 

(1237)  Hgfi  would  be  called  va^xcnxoiis  oxide,  and 
Hg  O  would  be  called  mercurzV  oxide.      (See  Art.  2571.) 

(1238)  See  Art.  2583. 

(1239)  {(I)  The  formation  of  a  layer  of  hydrogen  on 
the  cathode  of  a  cell  is  called  polarization. 

{b)  The  removal  of  such  a  layer  by  mechanical  or  chem- 
ical means  is  called  depolarization.     (Art.  2594.) 

(1240)  {(i)  The   most   important   applications    of    pri 
mary  batteries  are  to  the  telegraph,  telephone,  signal  service, 
cautery    purposes,    electroplating,    and    for    running    small 
motors.     (See  Arts.  2705  to  2716,  inclusive.) 

{b)     See  Arts.  2807  to  2815. 

(1241)  The  positive  plates.     (Art.  2740.) 

(1242)  The  battery  output  is  6,000  ampere-hours,  dur- 
ing a  day  of  24  hours.  The  total  output  of  the  plant  is 
2,000  amperes  multiplied  by  24,  or  48,000  ampere-hours. 
The  dynamo  plant  furnishes  direct  to  the  line  48, 000  —  6,000  = 
42,000  ampere-hours.  The  dynamo  plant  furnishes  to  the 
line,  through  the  battery,  6,000  -^  .80  =  7,500  ampere-hourg. 
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{a)  The  total  daily  output  of  the  generating  plant  is  the 
sum  of  the  direct  output  to  the  line  and  the  battery  output 
to  the  line,  or  42,000  -|-  7,500  =  49,500  ampere-hours.     Ans. 

(^)  The  dynamo  plant  running  twenty-four  hours  at  full 
capacity  must  furnish  40,500  -^  24  =  2,0G2.5  amperes.     Ans. 

(1243)     See  Art.  255-1. 
( 1  244)     See  Art.  2590. 

( 1 245)  Any  cell  which  answers  to  the  description  given 
in  Arts.  26()7  to  2621  will  do.  For  example,  the  zinc, 
ammonium  chloride,  and  carbon  cells,  of  which  the  Little 
Giant,  Law  cell,  etc.,  are  examples. 

(1246)  ('?)  Because  the  two  solutions  will  mix  and 
cause  local  action  if  the  cell  is  "open-circuited."  (Art. 
2661.) 

{d)  Because  the  cell  will  polarize  if  called  upon  to  deliver 
a  current  for  any  considerable  time.  If  used  for  intermit- 
tent currents,  the  hydrogen  layer  on  the  cathode  will  pass 
off  in  the  periods  of  rest  of  the  cell.  (Arts.  2594  and 
2602.) 

(1247)  The  formation  of  a  layer  of  the  insoluble  white 
sulphate  of  lead  on  the  positive  plates.     (Art.  2736.) 

( 1  248)  The  rapid  formation  of  insoluble  sulphate  in  the 
plugs  of  active  material  causes  them  to  expand  and  thus 
distort  the  inelastic  lead  grid.     (See  Art.  2741.) 

(1249)  The  great  weight  of  accumulators  necessary; 
the  rapid  disintegration  of  the  plates;  and  the  expense  of 
handling  the  batteries.  (See  Arts.  2802,  2803,  and 
2804.) 

( 1  250)  The  E.  M.  F.  of  the  cell  is  reduced.  (See  Art. 
2590.) 

(1251)  (rt)  Because  the  cost  of  the  materials  consumed 
makes  the  cost  of  the  energy  many  times  greater  than  that 
obtained  from  dynamo  machinery.     (See  Art.  2601.) 
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(b)  Because  in  many  instances  the  cost  of  the  energy  is 
unimportant  compared  with  their  constancy  and  the  little 
attention  required.     (See  Art.  2705.) 

(1252)  (^)  See  Art.  2734. 

{d)  It  indicates  that  the  cell  is  completely  charged.  (See 
Art.  2734.) 

(1253)  i^)  The  number  of  cells  required  is  found  by 

dividing  the  required  E.  M.  F.  by  the  average  E.  M.  F.  of 

52 
each  cell  (Art.    2822),  or  — -  =  28  cells.     The  size  of  each 

cell  is  found  from  the  number  of  ampere-hours  required  for 
the  devices  which  consume  the  current  during  one  charge. 
(Art.  2825.)  In  this  case  the  cells  are  to  be  charged  once 
every  7  days,  and  of  the  32  lamps  installed,  2  burn  for  10 
hours  per  day,  and  will  then  use  2  X  10  X  7  =  140  ampere- 
hours  in  the  week.  Of  the  balance,  6  burn  for  5  hours  per 
day,  and  will  then  use  6x5x7  =  210  ampere-hours;  the 
balance,  32  —  8  =  24,  burn  for  1  hour  per  day,  and  will  use 
24  X  1  X  7  =  108  ampere-hours.  The  capacity  of  the  cells 
must  then  be  168  +  210  +  140  =  518  ampere-hours.  The 
plant  would  then  consist  of  28  cells,  each  of  a  capacity  of 
518  ampere-hours. 

(b)  Placed  in  two  tiers,  14  in  each  tier,  the  floor  space 
occupied  would  be  that  of  14  cells,  each  cell  occupying 
i+«-  =  172|  sq.  in.  (Art.  2820.)  Then,  14xl72f  =  2,417^ 
sq.  in.,  or  17  sq.  ft.,  practically. 

(1254)  See  Art.  2563.     ' 

(1255)  {^)  Mechanical  and  chemical  depolarization. 
(See  Art.  2595.) 

{/})  The  chemical  method.  (vSee  Arts.  2596  and 
2597.) 

(c)  Because  mechanical  depolarizers  require  some  sort 
of  mechanism  to  perform  the  required  service,  which  there- 
fore needs  attention  and  is  expensive.     (See  Art.  2596.) 


BATTERIES.  393 

(1256)  Art.  2633.  (a)  Cells  with  a  liquid  depo- 
larizer. 

(d)     See  Art.  2604. 

(1  257)     See  Arts.  2740,  2743,  and  2746. 

( 1  258)     See  Art.  2742. 

( 1 259)  («)  A  chemical  action  is  the  combination  of 
two  or  more  substances  forming  another  substance  or  sub- 
stances of  different  physical  properties,  or  is  the  decompo- 
sition of  some  substance  with  a  similar  result.  Such  action 
is  a  manifestation  of  one  form  of  energy. 

{fi)  The  energy  of  such  actions  usually  appears  in  the 
form  of  heat. 

{c)     The  amount  of  heat  liberated  by  the  formation  (or 
absorbed  by  the   decomposition)  of  unit  weight  of  a  sub 
stance  is  called   the  heat  of  formation  of  that  substance. 
(See  Art.  2559.) 

(1 260)  {a)  and  (d)  See  Arts.  2602  to  2606. 

(1261)  See  Art.  2663. 

(1262)  {(t)  The  active  material  on  the  negative  plate 
is  reduced  to  spongy  lead,  sulphuric  acid  being  formed;  the 
positive  plate  is  oxidized,  forming  lead  peroxide.  (See  Art. 
2733.) 

(d)     The  formation  of  lead  oxide  and  then  sulphate  by  the 
action  of  the  acid  on  the  negative  plate,  and  the  reductirm 
of  the  peroxide  on  the  positive  plate  to  lead  oxide. 
spongy  lead.     The  percentage  of         '  in  the  electrolyte  is 
reduced.     (See  Art.  2735.) 

(1263)  See  Art.  2752. 

( 1  264)     {(i)  The  symbol  of  an  element  is  the  first  letter, 

or  the  first   letter  and  one  other.  .>f  its  English  or   Latin 
name.     (Art.  2557.) 

(/;)     Each  element  has  assigned  t  ymbol  in  order 

that    the   element    may    Ixi   referred    to    without    constant 
repetition  <.f  if<  ontir.wmme.      (.Art<.  2557  and  2562.) 
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{c)  The  chemical  formula  of  a  substance  is  an  expression 
of  the  various  elements  which  enter  into  a  substance  and 
the  relative  amounts  of  each  element  in  that  substance. 
The  presence  of  the  elements  is  indicated  by  writing  the 
symbol  of  each  element,  and  the  proportion  of  each  element 
in  the  substance  is  shown  by  a  small  number  suffixed  to  the 
symbol  of  the  element.      (Art.  2562.) 

(1265)  Bichromate  cells  of  the  second  class  are  liable 
to  local  action,  by  which  the  zinc  is  consumed,  if  the  cells 
are  left  with  the  external  circuit  open.      (Art.  2623.) 

(1266)  The  Faure  process  consists  of  coating  the  sur- 
face of  a  lead  plate  with  a  layer  of  oxide  or  sulphate  of  lead, 
such  that  on  the  passage  of  a  charging  current  this  coating 
is  converted  into  the  proper  active  material  for  use  in 
accumulators.     (Art.  2730.) 

(1267)  Because  at  a  high  rate  of  discharge  all  the 
active  material  is  quickly  converted  on  its  surface,  and  as 
the  acid  can  only  penetrate  slowly  into  the  body  of  the 
active  material,  the  E.  M.  F.  falls  to  its  limiting  value 
before  all  the  active  material  is  consumed.      (Art.  2745.) 

(1268)  Long-continued  overcharging  will  remove  de- 
posits of  the  white  insoluble  sulphate  from  the  positive 
plate.      (See  Art.  2754.) 

(1269)  («)  The  atomic  weight  of  an  element  is  the 
relative  weight  of  an  atom  of  that  substance  as  compared 
with  an  atom  of  the  lightest  substance  (hydrogen).  (See 
Art.  2561,  and  column  3,  Table  89.) 

(/;)  The  chemical  equivalent  of  an  element  is  the  weight 
of  that  element  which  will  replace  unit  weight  of  hydrogen 
in  any  substance,  or  will  combine  with  unit  weight  of  hydro- 
gen.     (See  Art.  2564,  and  column  5,  Table  89.) 

(r)  The  valency  of  an  element  is  the  ratio  of  its  atomic 
weight  to  its  chemical  equivalent.  (See  Art.  2565,  and 
column  4,  Table  89.) 
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(^/)  The  atomicity  of  an  element  is  the  same  as  its  va- 
lency.     (See  answer  to  (c).) 

(1270)  (a)  See  Art.  2621  and  Table  92. 
{d)  See  Art.  2609  and  Table  92. 

(c)  See  Art.  2617. 

(1271)  Potassium  zincate  is  a  compound  oxide  of  po- 
tassium and  zinc.     (See  Art.  2683.) 

(1272)  See  Art.  2699. 

(1273)  See  Art.  2728. 

(1274)  Because  the  acid  will  slowly  penetrate  into  the 
internal  portions  of  the  active  material,  and  the  original 
E.  M.  F.  will  be  restored.     (See  Art.  2744.) 

(1275)  (rt)  They  serve  to  equalize  the  load  on  the 
generators  and  engines,  thus  allowing  the  machinery  to 
be  operated  at  its  maximum  efficiency.     (See  Art.  2792.) 

{l>)     See  Art.  2793. 

(1  276)  (^)  and  {d)  The  valency  of  oxygen  is  II,  while 
that  of  iodine  is  I.  Consequently,  2  atoms  of  iodine  will 
replace  1  atom  of  oxygen  (Art.  2565),  and  1  molecule  of 
7/,  O  will  become  2  molecules  of  //  /. 

(1277)  Because  the  free  elements  all  through  the 
liquid  recombine  as  fast  as  liberated,  except  at  the  elec- 
trodes, where  they  either  combine  with  the  substc-ui'-.'<  there 
or  appear  in  the  free  state.     (See  Art.  2592.) 

(1278)  A  standard  cell  should  keep  its  E.  M.  F.  con- 
stant at  a  certain  value  throughout  the  life  of  the  materials 
of  the  cell,  and  should  be  affected  as  little  as  possible  by 
heat,  etc.     (See  Arts.  2693  to  2696,  inclusive.) 

(1279)  See  Art.  2727. 

(1280)  The  output  in  ampere-hours  on  discharge  di- 
vided by  the  input  in  ampere-hours  required  to  charge  the 
cell  is  its  ampere-haur  efficiency.     (See  Art.  2749.) 

CI  281)     {a)  See  Art.  27 r8. 

(d)  See  Arts.  2779  and  2782. 
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(1282)  {a)  Light  weight  for  a  given  output,  and  free- 
dom from  buckling  or  sulphating.  (See  Arts.  2786  and 
2788.) 

(d)  Its  low  E.  M.  F.,  care  and  special  operation  required 
in  charging  and  discharging,  and  liability  to  local  action. 
(See  Arts.  2788  and  2789.) 

(1283)  {n)  See  Art.  2555. 
(/;)  See  Art.  2556. 

(c)  and  (^)  See  Art.  2567. 

(1284)  ((t)  As  the  number  of  atoms  of  any  two  com- 
bining elements  which  make  up  a  molecule  are  inversely 
proportional  to  the  valencies  of  those  elements  (Art.  2565), 
in  this  case  the  valency  of  the  copper  in  the  Cji  CI  solution 
must  be  I,  and  in  the  Cti  Cl^  solution  must  be  II.  The 
amount  of  copper  which  will  be  deposited  per  coulomb  being 
its  electrochemical  equivalent,  then  from  the  Cii  CI  solu- 
tion will  be  deposited  .0006508  gram  per  coulomb,  while 
from  the  Cu  Cl^  solution  will  be  deposited  .0003284  gram 
per  coulomb.  (Column  6,  Table  89.)  In  this  case  the  cur- 
rent is  4  amperes,  maintained  for  10  X  CO  =  600  seconds, 
and  is  thus  equal  to  4  X  600  =  2,400  coulombs.  Then,  from 
the  first  bath  {Cu  CI)  will  be  deposited  2,400  X  .0006568  = 
1.576  grams  of  copper. 

{b)  From  the  second  bath  {Cti  Cl^)  will  be  deposited 
2,400  X  .0003284=  .7882  gram  of  copper. 

{c)     This  is  answered  above.      (See  Art.  2571.) 

(1285)  The  bichromate  cell  is  the  best  example.  (See 
Arts.  2622  to  2631,  inclusive.) 

(1286)  See  Arts.  2689  and  2725. 

(1287)  The  plate  at  which  the  current  enters  on  char- 
ging and  leaves  on  discharging.      (Art.  2726.) 

(1288)  The  Lalande  -  Chaperon  and  Edison  -  Lalande. 
(Art.  2783.) 

(1289)  The  materials  used  are  as  follows:  Anode,  zinc; 
electrolyte,  solution  of  caustic  potash  (potassium  hydrate;) 
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depolarizer  and  cathode,  oxide  of  copper.  The  action  is  the 
oxidation  of  the  zinc  and  its  formation  with  the  potassium 
hydrate  of  potassium  zincate;  the  depolarization  is  effected 
by  the  combination  of  the  evolved  hydrogen  with  the  oxy- 
gen of  the  copper  oxide.     (See  Art.  2684.) 

(1290)     Oxygen.     (See  Art.  2597.) 

(1  291)     From  the  rule  given  in  Art.  2724,  the  current 

E       1.6 
in   the    external    circuit  =  -77  =  -r-z.  =  .3555    ampere.      The 

/v        4.5  . 

drop  in  the  cell  is  1.0  —  l.G  =  .3  volt,  and  the  resistance  of 

E  3 

the  cell  =:  -=r  =     ' ■  =  .844:  ohm.     Ans. 

6        .3ooo 

(1292)     An  accumulator  stores  energy  in  the  form  of 
potential  chemical  energy.     (See  Art.  2748.) 


APPLIED    ELECTRICITY. 

(QUESTIONS  1293-1359.) 


(1293)  (^)  The  purpose  of  the  register  is  to  make  a 
record  of  the  signals  received. 

(d)  A  steel  point  records  the  message  by  alternately  press- 
ing and  releasing  a  grooved  roller  over  which  a  strip  of 
paper  is  passing.  This  point  is  carried  by  a  lever  which 
revolves  upon  an  arbor.  The  projection  of  this  lever 
beyond  the  arbor  carries  an  armature  which  is  attracted  by 
two  electromagnets,  and  its  motion  is  limited  by  two  screws. 
The  main"  current,  passing  through  these  magnets,  attracts 
the  armature,  so  that  the  steel  point  is  pressed  against  the 
paper.  When  the  current  is  broken,  the  armature  is  pushed 
away  by  a  spring,  and  the  steel  point  is  removed  from  the 
paper. 

((•)     Dots,  dashes,  and  spaces. 

(a)  By  different  combinations  of  these  dots,  dashes,  and 
spaces. 

(1294)  See  Art.  2863,  Fig.  1075. 

(1295)  See  Art.  2872,  Fig.  1079. 

( 1  29t>)     {(i)  Two  U-shaped  springs. 

(d)     Closed. 

(r)  When  the  key  of  the  western  sLalioa  is  opened,  the 
western  relay  of  the  repeater  opens  the  local  circuit  through 
its  sounder.  This  sounder  breaks  two  contacts,  one  slightly 
before  the  other.  The  contact  wliich  is  thus  broken  first 
opens  a  local  circuit,  which  releases  the  armature  of  an  extra 

for  notice  of  copyright,  see  page  iiuinediately  following  the  title  pag^ 
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local  magnet.  This  armature  when  released  holds  the  east- 
ern line  relay  closed.  The  second  contact  broken  by  the 
repeater  sounder  opens  the  eastern  main  line,  but  the  east- 
ern relay  does  not  open  its  contact,  because  its  armature  is 
held  back  by  the  armature  of  the  extra  magnet,  as  just  de- 
scribed. The  relay  of  the  eastern  line  is  therefore  always 
held  closed  while  the  western  key  is  being  operated. 

(1297)  (a)  See  Art.  2881. 

{d)     See  Arts.  2884,  2885,  and  2886;  also  Fig.  1082. 
(c)     The   resistance  through  the  artificial  line  must  be 
equal  to  the  line  resistance. 
{d)     See  Art.  2886. 

(1298)  (rt)  By  dynamos. 

{d)  See  Arts.  2902  to  2908,  inclusive. 

(1299)  {a)  See  Arts.  2954  and  2955. 
(d)  See  Art.  2957. 

(c)  and  (a)     See  Art.  2956. 

(1300)  See  Art.  2980,  Fig.  IIIL 

(1301)  Suppose  in  starting  that  the  keys  at  the  termi- 
nal stations  are  closed.  When  the  eastern  key  is  opened,  the 
eastern  relay  K^  of  the  repeater  releases  its  armature,  thus 
opening  its  local  circuit  through  the  sounder  5,.  This 
sounder  releases  its  armature,  which  first  causes  the  contact 
JT,  to  open  and  immediately  afterwards  the  contact  y*,.  When 
contact  ,f,  opens,  the  armature  of  the  extra  magnet  J/  is 
released  and  is  pulled  by  the  spring  s  into  contact  with  the 
armature  g"  of  the  eastern  line  relay  R.  This  holds  the  local 
circuit  of  relay  R  closed,  when  the  eastern  line  circuit  is 
broken  immediately  afterwards  by  the  opening  of  the  sec- 
ond contact  of  the  sounder  .S,,  as  just  described.  Thus  the 
opening  of  the  eastern  key  has  no  effect  on  the  western 
repeater  relay  R,  as  the  contacts  of  this  relay  are  either  held 
glosed  by  the  line  current  when  the  line  circuit  is  closed,  of 
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by  the  armature  of  the  extra  magnet  J/  when  the  line  cir- 
cuit is  open.  The  opening  of  the  contact  j\  of  the  sounder 
5,  releases  the  armature  of  the  relay  at  the  western  termi- 
nal station  and  causes  its  sounder  to  operate.  The  closure 
of  the  key  at  the  western  terminal  station  will  cause 
sounder  5,  to  close  contact  j\  in  the  western  line,  thus  oper- 
ating the  relay  and  sounder  at  the  western  station. 

(1302)  {a)  and  {b)     See  Art.  2886. 

(1303)  (a)  See  Art.  2917. 

(b)  Length  and  diameter  at  the  top.  Usually  7-inch 
tops  are  specified. 

(1304)  (rt)  Galvanized  iron  and  copper. 
{b)  See  Art.  2912. 

(1305)  (a)  See  Art.  2837. 

{b)     See  Fig.  1067  and  description. 

(c)  Because  it  saves  running  another  wire  for  the  return. 
By  the  use  of  an  earth  return,  just  one-half  of  the  amount 
of  wire  is  employed  that  would  be  necessary  were  a  metallic 
return  used. 

(1306)  {(i)  Because  it  is  found  that  operators  can  re- 
ceive with  greater  facility  and  reliability  by  sound  than  by 
the  visible  dots  and  dashes  on  the  tape  of  a  register.  The 
simplicity  of  the  sounder  is  also  in  its  favor. 

{b)  By  the  sound  of  the  armature  lever  striking  against 
its  stops. 

{c)      See  Art.  2840. 

{d)    See  Art.  2847. 

{e)  By  mounting  the  instrument  upon  a  sounding-buaid 
and  by  giving  the  armature  more  play. 

( 1 307)  In  false  cables  the  capacity  is  distributed,  while 
in  the  artificial  line  ,it  is  localized  in  one  adjustable  con- 
denser. The  method  of  obtaining  distributed  capacity  is 
shown  in  Fig.  1083  and  described  in  Art.  2887» 
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(1308)  The  coating  of  an  article  with  a  layer  of  vary- 
ing thickness,  so  that  the  heaviest  deposit  shall  be  on  the 
part  exposed  to  most  wear.     (See  latter  part  of  Art.  3000.) 

(1309)  (a)  See  Arts.  2841  and  2987. 
(d)  See  Art.  2987. 

{c)  See  Art.  2990. 

(1310)  (^)  See  Art.  2989. 
(d)     See  Art.  2989. 

{c)     By  the  use  of  properly  transposed  metallic  circuits. 

(1311)  (a)  See  Art.  2878. 

{If)     To  adjust  the  instruments  and  care  for  the  batteries. 

(1312)  (a)  Condensers. 

(d)  A  condenser. 

{c)  The  key  is  so  arranged  that,  by  pressing  one  lever, 
the  plus  pole  of  the  battery  is  put  to  line,  while  the  minus 
pole  is  to  earth;  and  by  pressing  the  other,  the  minus  pole 
is  put  to  line,  while  the  plus  pole  is  to  earth. 

{d)  The  receiving  instrument  is  a  simple  galvanometer 
or  a  siphon  register.  The  latter  instrument  consists  of  a 
coil  of  wire  swinging  upon  a  pivoted  axis  between  the  poles 
of  a  magnet.  The  current  passes  through  this  coil  and 
swings  it  according  to  the  direction  of  flow.  A  glass 
siphon  is  attached  to  the  coil,  one  end  of  which  dips  into  a 
vessel  of  ink  and  the  other  spurts  ink  upon  a  strip  of  paper 
which  is  drawn  across.  The  ink  is  charged  positively,  while 
the  plate  over  which  the  paper  passes  is  given  a  negative 
charge.  Therefore  the  ink  is  splashed  upon  the  paper,  and 
a  record  is  obtained  of  the  movements  of  the  coil. 

(e)  A  movement  of  the  siphon  in  one  direction  is  takers 
as  a  dot,  and  one  in  the  other  direction  as  a  dash. 

(1313)  (a)  See  Arts.  29 1 5  and  29 1 6, 

(d)     The  Mclntire  sleeve  ioin^. 
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(i)  They  do  not  require  the  use  of  solder  to  maintain 
good  contact  and  the  joint  is  made  more  easily. 

(1314)  A  cold  bath  will  give  a  lighter  color  than  a  hot 
bath.  If  too  much  free  cyanide  is  used  the  deposit  will  be 
brown,  while  if  too  little  is  used  the  deposit  will  be  pale. 
A  strong  current  will  produce  a  darker  color  than  a  weak 

current. 

(1315)  See  Art.  2926. 

(1316)  See  Art.  2856. 

(1317)  (a)  See  Art.  3011. 

{d)  See  Art.  301  1. 
{i)  See  Art.  3012. 

(1318)  (cr)  See  Art.  2975. 
(/;)  Series  and  bridged. 

(c)  See  Arts.  2976  and  2978. 

(1319)  (^0  ^ce  Art.  2979. 

(d)  See  Arts.  2982  and  2983. 

(c)  See  Art.  2984. 

(1320)  {(i)  A  device  for  normally  maintaining  a  short 
circuit  around  the  winding  of  a  generator  armature,  but 
which  opens  this  short  circuit  automatically  when  the  gener- 
ator is  put  into  operation. 

{d)     See  Art.  2961. 

(r)  It  removes  the  resistance  of  the  generator  armature 
from  the  line,  so  that  it  is  not  in  the  path  of  incoming  cur- 
rents from  other  stations.  It  also  reduces  the  liability  to 
armature  burn-outs  from  lightning. 

(132  Ij     i./)  Sec  Art.  2959. 

(d)  See  Art.  2963. 

(1322)     See  Arts.  2966  and  2967, 

J/,  y;.     I  /.-J'. 
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(1324)  The  magneto-transmitter  serves  as  a  generator 
of  electricity,  the  movements  of  the  iron  diaphragm  in  front 
of  the  pole-pieces  inducing  currents  in  the  coils.  The  bat- 
tery transmitter  serves  simply  as  a  valve  for  controlling  the 
flow  of  current  from  a  battery.  This  it  does  by  varying 
the  resistance  of  the  circuit,  in  accordance  with  the  sound- 
waves received  by  the  diaphragm. 

(1326)     See  Art.  2946. 

(1326)  (rt)  The  magneto-transmitter  needs  no  battery, 
because  it  generates  its  own  current,  as  explained  in  Art. 
2939. 

{if)     The  transmitter  itself. 

(1327)  {(i)  See  Art.  2927. 
(l?)  See  Art.  2928. 

(1328)  Any  good  form  of  sal  ammoniac  battery,  the 
Fuller  battery,  and  also  storage-batteries. 

(1329)  Insulators  of  glass  are  mounted  on  pins  which 
are  carried  on  cross  arms  or  brackets  firmly  secured  to  the 
poles.  The  wire  is  laid  in  a  groove  in  the  insulator  and 
firmly  tied  in  place  by  the  method  shown  and  described  in 
Art.  2925.  All  joints  in  the  wire  are  made  according  to 
one  of  the  methods  given  in  Arts.  2915  and  2916. 

(1330)  {a)  150  ohms. 

{d)  See  Rules  I  and  II,  Art.  2850. 
{c)  One  thirty-second  of  an  inch. 
(d)  See  Rule  IV,  Art.  2850. 

(1331)  (^r)  See  Art.  2892. 

{d)  Upon  changes  in  the  direction  of  current,  and  also  in 
its  strength. 

(<•)  One  key  at  each  end  of  the  line  governs  the  direction 
of  the  current,  and  the  other  its  strength.  At  each  end 
are  two  relays,  one  of  which  is  operated  only  by  the  changes 
in  the  strength  of  the  current,  while  the  other  is  operated 
onlv  by  changes  in  the  direction  of  the  current.     The  key 
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at  one  end  governing  the  strength  of  current  therefore  pro- 
duces no  effect  on  the  relay  at  the  other  end  which  operates 
on  changes  in  direction,  while  the  other  relay  responds  to  all 
its  movements.  Similarly,  the  key  governing  the  direction 
of  current  operates  only  the  relay  at  the  other  end  which  is 
affected  by  changes  in  direction. 

(1332)  («)  See  Art.  2938. 
{b)  See  Art   2939. 

(1333)  {a)  See  Art.  2887. 

{b)  In  duplex  submarine  telegraphy. 

(1334)  See  Art.  2862,  Fig.  1074. 

(1335)  (rt)  and  (^)     See  Art.  2847. 

(1336)  {a)  See  Art.  2839. 
{b)  See  Art.  2845. 

(1337)  A  local  circuit  is  a  circuit  containing  a  local 
battery  and  receiving  instrument,  and  controlled  by  con- 
tacts actuated  by  an  electromagnet  in  the  line-wire.  (Ste 
Fig.  1068.) 

(1338)  {a)  Upon  the  principleof  the  Wheatstone  bridge, 
[b)  The  battery,  key,  and  artificial  line. 

{c)  The  galvanometer. 

(1339)  SeeArt.  3008. 

(1340)  SeeArt.  301 4. 

(1341)  See  Arts.  291 1  and  2913. 

(1342)  {a)  See  Art.  2924  and  Fig.  1093. 
(/;)  See  Art.  2924. 

(1343)  SeeArt.  2947. 

(1344)  SeeArt.  2907. 

(1345)  When  the  eastern  circuit  is  repeating  into  the 
western,  the  lever  /'  (see  Fig.  1070)  connects^  and  b.  When 
the  eastern  operator  closes  his  key,  a  current  passes  along 
the  eastern  line,  through  relay  R^,  battery  />,,  points  6  and 
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pj,  contact  r,  lever  k,  ground  switch  /,  and  back  by  ground 
return  to  the  eastern  station.  This  current  operates  relay 
A',,  which  closes  its  local  circuit,  containing  battery  /',  and 
sounder  S^.  This  sounder  closes  the  western  line  circuit, 
which  may  be  traced  as  follows:  From  ground  C,  switch  /, 
lever  k,  contact  b,  point  o^,  through  contacts  of  sounder  S^, 
point  2,  battery  B,  relay  A',  line  /[',  and  to  ground  at  the 
western  station. 

(1346)     [a)  See  Art.  2875. 

{b)  Because  the  sounder  is  of  too  low  a  resistance  to  be 
affected  by  the  currents  passing  through  the  high-resistance 
relay  magnets. 

{c)  The  lever  /  (see  Fig.  1080)  is  moved  to  contact  a. 
Currents  from  line  JC  then  pass  through  relay  A',  lever  /, 
sounder  S,  and  battery  B  to  ground.  These  currents  oper- 
ate relay  K,  but  not  sounder  5.  When  relay  A'  closes  its 
contacts  ^,  d,  it  closes  the  eastern  line  E,  the  circuit  of  which 
is  from  ground  G,  points  7  and  in^  contacts  r,  li,  points  /;, 
and  2,  relay  /?,  and  line  E  to  ground  through  the  instru- 
ments at  the  eastern  station.  The  relay  A',  closes  the  local 
circuit  traced  from  the  sounder  .S",  point  3,  Icvlt  /,  coiuact  ii, 
contacts  <■/,,  r,,  points  6,  7,  and  7,  battery  />',  points  J2  and  4 
back  to  sounder  ^'. 

( 1  »i47)  A  system  invented  by  Morse,  using  a  code  com- 
posed of  combinations  of  dots  and  dashes. 

( 1  348)     To  prevent  corrosion. 

(1349)     (a)  S.c  Art.  2871. 

I    r  A\   n '1 V.  ]■.. Icon's,  and  Miliiken's. 
(135(>)      Src  l-"ig.   Hn  It  and  answer  to  f  '  '  "  " 

( I  35  I )     (a)   See  Art.  2877. 

(/')   By  sending  "  !i'':i\-v." 
(1352)       (  n    S,-,'  !ii>t    p;i:'  2S08. 

{b)  See  latt.T  pari  .^i  An.  28«8. 

(c)  See  Art.  2869. 
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(1353)  The  problems  of  neutralizing  cross-talk  and 
other  forms  of  induction. 

(1354)  This  condition  exists  for  four  different  combi- 
nations of  the  keys,  which  are  as  follows  :  All  four  keys 
open ;  all  four  keys  closed ;  key  /-*  down  and  key  P'  up,  at 
each  station;  and  key  P'  down  and  key  Pup,  at  each  sta- 
tion.     (See  Table  95  and  also  answer  to  Question  1323.) 

(1355)  {a)  and  {b)  See  Art.  2861. 

(1356)  {a)  A  relay  serves  the  purpose  of  receiving 
feeble  currents  from  a  line  and  causing  tliem,  by  the  move- 
ment of  a  light  armature,  to  open  and  close  a  local  circuit 
containing  a  battery  and  local  receiving-instrument. 

{b')     An  electromagnet  with  a  very  light  armature,  suit 
able  contact  points,  and  a  retractile  spring. 
{c)     See  Art.  2844. 

(1357)  {a)  See  Art.  2981. 

(<^)     To  facilitate  making  connections  between  lines. 

(r)     See  Art.  2867. 

{d)    See  Fig.  1113  and  description. 

(1358)  [a)  Loudness,  pitch,  and  timbre. 

{b)  and  {c)     See  Arts.  2930,  2931,  and  2932, 

(1359)  See  Art.  2997. 
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(QUESTIONS  1360-1429.) 


( 1 360)  {a)  See  Art.  304 1 . 

{d)  Unipolar  induction.     (See  Art.  3059.) 

(1361)  {(i)  The  E.  M.  F.  generated  in  the  conductor 
may  be  found  by  applying  formula  477.  Since  all  the 
angles  in  this  example  are  00°,  so  that  their  sines  are  each 
equal  to  1,  this  may  be  written 

BLM 


E  = 


10" 

90,000 


In  this  example,    B  =  8,000,    Z  =  22,  and  M—  _ 

l,r)0(\     Substituting  these  values  in  the  formula, 

.-      8,000  X  22  X  1,500      264,000,000      ^  ^,       , 

L-  = ^. = Yo' —  =  ^-'^  ^°^'"- 

Since  the  resistance  of  the  circuit  is  0.2  ohm,  the  current 

flowing  is -^  =  13.2  amperes,  and  the  rate  at  which  the 

electrical  energy  is  expended  is  13.2  X  2.64  =  34.848  watts. 

Ans. 

{d)     (See  Art.  3028.)     Using  formula  478,  /  =  AB  L, 

m  this  example,  A  =  -^  =  1.32  absolute  units,  B  =  8,000 

lines  of  force  per  square  centimeter,  and  A  =  22  centimeters. 
Substituting  these  values, 

/=  1.32  X  8,000  X  22  =  232,320  dynes.     Ans. 

(f)     Since  the  force  necessary  to  apply  to  the  conductor  is 
232,320  dynes,  and  it  is  moved  with  a  velocity  of  1,5(X>  cm 
per  second,  the   rate  of  doing  work  is  equal  to  232,320  X 

I  f  copyright,  see  page  immediately  following  the  title  (>age. 
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1,500  =  348,480,000  ergs  per  second.  (See  Art.  3030.) 
Since  10'  ergs  per  second  equal  1  watt,  the  rate  at  which  en- 

A  A   ■             •       ^1             1      .       •    348,480,000 
ergy  is  expended  ni  movnig  the  conductor  is — ^-^ •  = 

34.848  watts.     Ans. 

(1362)  (a)  SeeArt.  3054. 

{d)  See  Arts.  3050  to  3053. 

(1363)  {a)  Electromagnets. 
{d)  SeeArt.  3017. 

(1364)  A  part  (C/v,)  is  converted  into  heat,  and  the 
remainder  {e  C)  into  mechanical  work  done.  (See  Arts. 
3033  and  3034.) 

(1365)  (See  Art.  3046.)  For  this  case  formula  479, 
E^——-^ TO'  "^^°^^^  ^^  used.    In  this  example,  N  =  B  L2r; 

as  B  =  51,000,  L  =  13,  and  r  =  S,  N—  51,000  x  13  x  10  = 
10,008,000  lines  of  force;  5  =  000.     Then, 

^        10,608,000X3.1416X900       ,  „^„^,„^^      ,  .      , 

ii„.=  — ^ — TTF^Ta) "  =4- 9^891392  volts,  or  5  volts, 

practically.  Ans. 

(1366)  {a)  and  (/;)  See  Art.  3068. 

(1367)  See  Arts.  3063  and  3064. 

(1368)  {a)  The  E.  M.  F.  would  be  reduced  in  the  ratio 

^!^^^.      (See  Arts.  3020  and  3021.)     Sin  90°=  I,  and 

sin  90 

from  the  table  of  Natural  Sines  and  Tangents,  sin  62°  = 
.88295.  Hence,  the  E.  M.  F.  under  these  circumstances 
would  be  reduced  to  2.04  X. 88295  =  2.33  volts,  practically. 
The  E.  M.  F.  would  therefore  be  reduced  2.64  —  2.33  =.31 
volt.     Ans. 

{b)     vSee  Arts.  3020  and  3021. 

(1369)  See  Arts.  3044  and  3046. 
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(1370)  See  Art.  3036. 

(1371)  {a)  Direct  currents  and  alternating  currents. 
{d)  See  Arts.  3056  to  3058. 

(1372)  (a)  In  a  direction  at  right  angles  to  the  lines  ct 
force  and  to  the  length  of  the  conductor. 

{d)  Yes;  provided  this  direction  is  any  other  than  par- 
allel to  the  length  of  the  conductor  or  to  the  lines  of  force. 
(See  Art.  3032.) 

(1373)  SeeArt.  3015. 

(1374)  One  in  which  the  divisions  of  the  ordinates  rep- 
resent the  sines  of  the  angles  which  are  represented  by  the 
divisions  of  the  abscissas.     (See  Art.  3045.) 

(1375)  (a)  See  Art.  3053. 
{d)  See  Art.  3055. 

(13T6)     {a)  See  Arts.  3063  to  3066. 
{d)  See  Art.  3068. 

(1377)  SeeArt.  3031. 

(1378)  By  reason  of  the  drop  in  the  armature  conduct- 
ors, due  to  the  current  flowing.     (See  Art.  C{()27.) 

(1379)  {a)  and  {6)  See  Art.  3061. 

(1380)  (a)  Because  the  connecting  wires  would  them- 
selves cut  the  lines  of  force  in  such  a  way  as  to  set  up  an 
opposing  E.  M.  F.  in  them  equal  to  the  E.  M.  F.  set  up  in 
the  same  number  of  armature  conductors.    (See  Art.  3070*) 

(/;)     In  parallel.     (See  Art.  3071.) 

(1381)  SeeArt.  3080. 

( 1 382)  See  Art.  3095. 

(1383)  (a)  See  Arts.  3105  and  31(>6. 
{d)  SeeArt.  31  ()7. 

( 1 384)  {a)  See  Art.  3118. 

(d)  See  Arts.  31 1 6,  3 1  1  7,  and  31  la 
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(1385)  (See  Arts.  3129  and  3130.)  Formula  481 
would  be  used  in  this  case.  In  this  example  the  pitch  y 
equals  41,  and  the  number  of  pairs  of  poles/  equals  3.  Sub- 
stituting these  values  in  the  formula  to  find  the  number 
of  coils, 

.f  =  (3  X  41)  ±  1  =  122  or  124.     Ans. 

(1386)  In  this  example,  — -  =  52;  the  back  pitch  being 

but  49,  it  is  less  than  -.-  —  1 ;  therefore,  the  winding  would 
be  called  a  chord  winding.      (See  Arts.  3146  and  3147.) 

(1387)  See  Art.  3157. 

(1388)  {a)  The  first,  with  111  coils,  will  have  3  re- 
entrant systems,  and  the  other  will  have  1. 

{d)     See  Arts.  3171,  3172,  and  3173. 

(1389)  (See  Arts.  3181  and  3183.)  {a)  Since 
there  are  two  conductors  per  slot  and  per  coil,  the  number 
of  winding  spaces  ta  equals  2  X  182  =  364;  the  number  of 
pairs  of  poles  /  equals  3.  Substituting  these  values  in  for- 
mula 488,  304  =  G  j^  ±  2  m.  If  ;//  =  1,  as  would  be  the  case 
in  a  single-wound  armature,  then  j  =  ^f^  =  60  -|-,  or  --g-^  = 
61,  which  latter  value  would  give  a  single-wound  two-circuit 
drum  ivinding.  If  ;//  =  2,  giving  a  double-wound  armature, 
then  }'  =  -3^1^  =  60,  or  ^|^  =  61  -j-.  The  former  value  would 
necessarily  be  used.  If  ;//  =  3,  giving  a  triple-wound  arma- 
ture, then  y  =  -3f «  =  59  -f ,  or  ^^  =  61  +.  Neither  of  these 
could  be  used.  If  w  =  4,  giving  a  quadruple  winding,  then 
J  =  3  5.6  _  59  _^^  Qj.  3  7  2  -_  Q2,  which  latter  value  would  be 
used.  With  this  particular  core,  then,  a  single,  double,  or 
quadruple  two-circuit  winding  could  be  used.     Ans. 

(b)  The  above  pitches  are,  of  course,  in  each  case  the 
average  pitch.  Since  each  pitch  must  be  odd  (Art.  3181 ), 
for  the  single  winding,  both  front  and  back  pitch  would  be 
61;  for  the  double  winding,  where  the  average  pitch  is  even 
(60),  the  back  pitch  might  be  61  and  the  front  pitch  59,  or 
vice  versa.     In  the  quadruple  winding,   the  average   pitch 
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being  again  even  (02),  the  back  pitch  might  be  03  and  the 
front  pitch  01,  or  vice  versa.     Ans. 

{c)  The  relative  E.  M.  F.'s  of  the  several  windings  would 
be  inversely  as  the  number  of  separate  windings  (Art. 
3168).  Therefore  if  the  E.  M.  F.  of  the  single  winding  be 
taken  as  1,  the  E.  ^I.  P.  of  the  double  winding  would  be 
4,  and  of  the  quadruple  winding,  \.     Ans. 

(1390)  See  Art.  3197. 

( 1 39 1 )  (^)  See  Art.  32 1 0. 

[b)  See  Arts.  3208  and  321 0. 

(1392)  {a)  and  {b)  See  Art.  3215. 

(1393)  {a)  This  is  a  combination  magnet,  like  that 
described  in  Art.  3200.  The  N  poles  are  salient  and  the 
6""  poles  consequent. 

{b)     See  Art.  3192. 

(c)  The  magnet  would  become  a  salient-pole  magnet  of 
the  form  described  in  Art.  3201. 

(1394)  Each  coil  would  be  connected  to  two  segments 
separated  by  ;//  —  1  =  3  —  1  :=  2  others.      (See  Art.  31  77.) 

(1396)     See  Art.  3167. 

(1396)  See  Arts.  3150,  3151,  and  3152. 

(1397)  {a)  Formula  481,.y  =// ±  1,  would  be  used 
for  this  winding,  using  only  the  —  sign.     (Art.  3133.) 

Thus,  since  s  =  109  and  /  =  2, 

109  =  2  J  —  1 ,  or  J/  =  J  f  0  =  55.     Ans. 

(/;)     Formula  482,  E  =  ;7— r?^.  would  be  used  in   this 

OOX  10 

case.     (See  Art.  3136.) 

In  this  example,  e  =  109  X  -1  =  4:)(;,  /  i=  2,  A'-     ^  '00, 

and  5  =  GOO. 

,,,,  ,        430  X  2  X  3,000,000  X  000 

I  hru.    I.  = ^^  ^  ^^^^ ;  or,  cancehng  and 

multiplying,  li  =  ''        —  =  2G1.G  volts.     Ans. 
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(1398)  See  Art.  31 20.      . 

( 1 399)  See  Arts.  3 1 09  and  3 1 1 0. 

(1400)  See  Art.  3102. 

(1401)  SeeArt.  3089. 

(1402)  See  Arts.  3082  and  31 02. 

(1403)  In  this  example  the  values  of  jS",  r,  and  5  in 
formula  480  are  given,  and  the  problem  is  to  find  the 
fourth  quantity  N.      (See  Art.  31 04.) 

In  this  case,  E  =  118,  c  =  208,  and  S  =  1,500. 

rru       i(           1     ^o**\    110       208  X  iV  X  1,500, 
Then  (formula  480),  118  = lo^xm)^ 

or  118  =  .000052  TV, 

118 
and   N  =  —  =  2,270,000  lines  of  force,  practically. 

.OOOOu/i  , 

Ans. 

(1404)  See  Arts.  3113  and  3114. 

(1405)  Six  sets  of  brushes  and  six  paths  for  the  cur- 
rent.    (See  Arts.  3123  and  3124.) 

(1406)  («)  See  Art.  3139. 

{b)  Loop  winding.      (See  Art.  3157.) 
{c)  Wave  winding.      (See  Art.  3159.) 

(140.7)  Nearly  or  quite  the  full  difference  of  potential 
that  exists  between  brushes.      (See  Art.  3154.) 

(1408)  {a)  No;  the  average  difference  of  potential 
Lihould  not  be  more  than  about  15  volts.     (See  Art.  31 14.) 

(<^)  By  using  an  "interpolated  segment"  commutator 
with  as  many  segments  as  there  are  winding  spaces.  (See 
Art.  3162.) 

(1409)  {a)  (See  Art.  3168.)  This  being  a  two-cir- 
cuit multiple-wound  armature,  formula  486, 

r.  _     c  p  N  S 
'  ~  GO  X  10'  nC 
would  be  used. 
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In  this  example,  c  =  554,  /  =  3,  ,\'=  5,400,000,  5  =  oOO, 
and  ;//  =  2. 

,.       554  X  3  X  5,400,()()()  X  300 
1  hen, /:  = ;    or,   cancehnti    aiul 

t;o  X  10-  X  2  '      '  ^ 

dividing,  i:  =  -i-l\A  volts.       Ans. 

{b)  (See  Art.  3181.)  For  this  example,  formula  488. 
'ij  =:2  />  J'  ±  2  m,  would  be  used.  In  this  case,  zu  =  554,  /  — 
3.  and  w  =  ■>.   Then,  554  =  2  X  3  X  v  ±  4,  or  r  —  ^|"  =  91  +, 

)!'  ■'',."  ^  '.^'-'i.  which  latter  value  would  necessarily  be  used. 
This  being  an  odd  number,  both  front  and  back  pitches 
would  be  93.      Ans. 

(c)     Formula  485,^  =  -rr ,  would  be  used  in  this 

^  ^  '  GO  X  10  /// 

case,  the  winding  being  a  multiple  circuit,  midtiple  winding. 

(See  Art.  3168.) 

In    this    example,    r  —  554.  A'=  5,4oo,ooo,  .")■  =  3U0,    and 


;//  = 


—  '> 


,,,,  ,,       554  X  5,400,0O(»  ^,  ,.  ,     ,.    . 

1  hen,  7:  = — — — - —  Cancehng    and    divi- 

00  X  10"  X  ;v  ^ 

ding,  £  —  74.8  volts,  practically.      Ans. 

{</)  In  the  two-(-ircuit  winding,  the  number  of  reentrant 
systems  found  would  be  equal  to  the  greatest  common  factor 
of  _>'  and  ///  (see  Art.  3181),  which  in  this  case,  r  being 
odd  and  w  even,  is  1.  In  the  multiple-circuit  winding,  the 
number  of  reentrant  systems  is  equal  to  the  greatest  c>n\\- 

mon  factor  of  -^  and    w   (see  Art.    3179),    which   in   this 

zc 
case,  —  being  odd  (277)  ami  ///  even,  is  also  1. 

{i')  (See  Art.  3  I  S3.)  Two  E.  M.  F.'s  (224.4  and  74.8 
volts)  have  been  given.  By  changing  the  two-circuit  wind- 
ing from  a  double  to  a  single  winding,  the  E.  M.  F,  would 
be  ;//  X  224.4  =  44S.8  volts.  (Art.  3168.)  This  could  be 
done,  the  pitch  being  (formula  484)  554  =  2  X  3  X  r  ±  2, 
orj'=  ''gs  _  92 ^_^  or»-:i2  =  02.  which  latter  value  would  be 
used,  making  tli(  :)ilch    ;tl    and   the   bark   ',*:;.   or    :ui' 

versa.  (Art.  31  SI.)  (.'hanging  the  multiple-circuit  wind- 
ing from  a  double  lo  a  single  winding  would  also  double  its 
E.  M.  F.,  making  it  2  X  74.8=  14D.0  volts 
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Making  the   two-circuit   winding  a  triple  winding  would 

make  its  E.  M.  F.  one-third  of  that  developed  in  the  single 

4-4-S    S 
winding,  or  — ~^-  =  149.6  volts,  the  same  as  the  multiple-cir- 
o 

cuit,  single  winding.  This  could  not  be  done,  however,  since 
from  formula  488,  za  =  2  /f  y  ±  2  m,  y  would  equal  either 
54.8  _  9]^  _j_^  Q^  i|o  _  93  _|_^  neither  of  which  values  could  be 
used.  Making  the  multiple-circuit  winding  a  triple  wind- 
ing would  make  its  E.  M.  F.  one-third  of  that  developed  in 

the  single  winding,  or- — ^-^  =  49.9  volts,  practically.     This 

winding  could  of  course  be  used.  (See  Art.  3179.)  The 
answer  to  this  question  would  then  be  5  E.  M.  F.'s;  namely, 
49.9,  74.8,  149.6,  224.4,  and  44B.8  volts. 

(1410)  {(i)  To  deliver  the  lines  of  force  that  are  gen- 
erated in  the  magnetizing  coil  to  the  armature  at  the  proper 
point.     (See  Art.  3186.) 

{b)     It  need  be  of  no  particular  form  to  accomplish  this 
purpose.     (See  Art.  3186.) 
{c)     See  Art.  3185. 

(1411)  See  Art.  3192. 

(1412)  {a)  and  {b)  See  Art.  3203. 

(1413)  {a)  and  {b)  See  Art.  3214. 

(1414)  See  Arts.  3205  and  3208. 

(1415)  There  is  of  course  no  specific  answer  to  this 
question,  but  a  comparison  of  the  answer  given  with  the 
matter  given  in  Art.  3192  and  those  following  will  show 
whether  it  is  correct  or  not. 

(1416)  Because  each  of  the  two  circuits  of  the  conse- 
quent-pole magnet  supplies  only  half  the  total  number  of 
lines  of  force,  and  can  therefore  be  of  half  the  area.  (See 
Art.  3194.) 
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(1417)  {cr)  Unstable. 

(d)  Because  accidental  changes  in  the  magnetizing  force, 
even  if  small,  would  produce  great  changes  in  the  number 
of  lines  of  force  in  the  circuit.     (See  Art.  3188.) 

(1418)  (a)  Forthisexample,  formula 487, J- =/j±//^ 
would  be  used,  this  being  a  multiple-wound  two-circuit 
ring  armature.  (See  Art.  3174.)  We  have  s  =  105,/  =  2, 
and  m  =  3.  Then,  105  =  2  x  J  ±  3,  or  j  =  ^f^  =  54,  or 
i|-2  =  51.     Either  pitch,  54  or  51,  could  be  used.     Ans. 

(/;)  The  same  formula  applies  also  to  this  case,  in  which 
s  =  105  and  tn  =  3,  as  before.  Here,  however,  /  =  3,  and 
105  =  3  X  :>'  ±  3,  or  .y  =  -Lfs  z=  3G,  or  J^-  =  34.    Either  pitch, 

3G  or  34,  could  be  used.     Ans. 

c  p  iV  S 
(c)     For    this    example,    formula    486,    j5"  =  ^.,,    ^  ,,^^ — , 
^  ^  ^    '  '  GO  X  10  /// 

would  be  used,  this  being  a  two-circuit   multiple  winding. 

(See  Art.  3168.)    .There  being  105  coils,  each  of  3  turns, 

in   the   example,    r=  3x105  =  315.     The  tofa/  number  of 

lines  of  force  entering    the    armature    being    in  each    case 

12,000,000,  for  the  four-pole  field,  N  =    ^       ' — -  =  G,000,000, 

and  for  the  six-pole  field,  N  =  ^^^'^^^'^^^  =  4,000,000.      (See 

o 

Art.  3126.)     Since  when  N=  6,000,000,  /  =  2,  and  when 

i'V=:4,000,000,  /  =  3,  it  is  evident  that  the  product  of  the 

two  terms/ and  A''  in  the  formula  is  the  same  (12,0(><',"""^ 

in  each  case.     S  =  GOO  and  m  =  3,  from  the  example. 

^      315  X  12,000,000  X  GOO       ,_^.       .  . 

Then,  £  = ttk'  —.^>, — .> =  120  volts.     Ans. 

60  X  10"  X  3 

(1419)  {a)  A  multiple  winding  having  three  separate 
windings.     (See  Art.  3167.) 

{b)  A  multiple  winding  having  iwu  sc[)araic  windings 
(Art.  3167),  and  having  the  end  of  the  first  winding 
joined  to  the  beginning  of  the  second,  and  the  end  of  the 
second  to  the  beginning  of  the  first.      (Sec  Art.  3169.) 
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(1420)  [a)  2. 

{d)  Because,  from  formula  484,  when  /  is  even  za  n:vust 
be  twice  an  odd  number.      (See  Art.  3165.) 

(1421)  {a)  Yes. 
{d)  No. 

(c)  See  Arts.  3123  and  3156. 

(1422)  See  Art.  3149. 

(1423)  By  combining  the  commutators  of  the  various 
windings  into  one  and  using  brushes  of  sufficient  angular 
span  to  be  in  contact  with  at  least  one  segment  belonging 
to  each  commutator.      (See  Art.  3167.) 

(1424)  (a)  Formula  481,  ^^/j  ±  1,  would  be  used 
for  this  example,  using —1,  only.  (See  Art.  3133.)  Then, 
as  y  =  171  and/  =  4,  171  =  4  j'  -  1,  or  j  =z  ip  =  43.      Ans. 

{d)  The  number  of  commutator  segments  would  be  / 
times  the  number  of  coils  (see  Art.  3134),  or,  as  /  =  4, 
4  X  171  =  684  segments.     Ans. 

{c)     The  angular  distance  between  commutator  segments 

would  be—  (Art.  3134);  or,  since/  -  4,  ^  =  90°. 

^  Ans. 

(1425)  («)  The  product  of  the  difference  of  potential 
between  the  terminals  of  the  dynamo  and  the  current  flow- 
ing in  the  external  circuit  is  the  output  in  watts.  (Art. 
3121.) 

{d)  The  total  power  required  to  drive  the  armature,  made 
up  of  the  power  required  to  move  the  conductors  through 
the  magnetic  field  and  that  necessary  to  overcome  hysteresis 
and  eddy-current  losses  in  the  armature  core,  the  friction  of 
the  journals,  and  other  mechanical  losses,  is  the  input, 
(Art.   3121.) 

[c)     The  ratio  of  the  output  to  the  input,  that  i§, 

output  -^    . 

-: — - —  =  emciency. 
mput 
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(142«)      i^r)  and  (/;)  vSee  Art.  31  20. 

(1427)  vSl-c  Art.  :n  19. 

(1428)  ((I)  Li>\\--n'sistan(c'  brushes  require  the  greater 
amount  of  shiftiny;.  ^ 

{b)     See  Art.  3112. 

(1429)  {cr)  F<.rmulu484,r.-=  'l p  v  ±  -^  appHes  t(.  this 
form  lit  \vin(liiiL;-.  In  this  case,  :.' =  IIn  ari(l/'=:-i;  there- 
fore, ;3.S  =  \  J  ±  2;  whence,!'  =  Y  —  '•''  "'"J'  ==  \"  =  i*-'-  That 
is,  J',   the  avcrui^c  pitch,  may  he  citln-r  ',*  or   Iti.      Fig.  102 


shows  tlie  diagram  that  woidd  be  (h-awu  for  this  winding, 
using  0  for  ])oth  front  and  back  pitch.  The  coils  short- 
circuited  bv  tlic  bi'u^i  'idii-atcd  by  tlic  omission  of  tlie 
arrow-heads,  while  on  l!u'  oihci"  conductois  the  arrow-heails 
indicate  the  direction  of  tin;  IC.  M.  F. 
II.  E.     VI.— 27 
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In  order  to  use  10  as  the  average  pitch,  the  actual  pitches 
must  be  9  and  11.  Fig.  103  indicates  the  diagram  that 
would  be  drawn  for  this  winding,  using  for  the  front  pitch  9 
and  for  the  back  pitch  11.     These  might,  without  error,  be 


Fig.  103. 

taken  the  other  way,  i.  e. ,  front  pitch  11  and  back  pitch  9,  if 
desired.   The  short-circuited  coils  are  indicated  as  in  Fig.  102. 

In  either  of  these  diagrams  the  brushes  need  not  be  in  the 
position  shown ;  either  may  be  located  diametrically  opposite 
the  position  given.  This  would  change  the  short-circuited 
coils  to  some  extent,  as  would  be  indicated  by  following  out 
the  circuits  through  the  armature  from  brush  to  brush. 

{d)  The  winding  shown  in  Fig.  102  has  some  advantage 
over  that  shown  in  Fig.  103,  in  that  the  end  connections  on 
the  back  do  not  make  so  many  crossings,  and  the  length  of 
the  circuits  through  the  armature  is  slightly  shorter. 


ELECTRIC    TRANSMISSION 

(QUESTIONS   1430-1505.) 


(1430)  (ci)  Because  by  the  use  of  transformers  an 
alternating  current  may  be  given  a  very  high  voltage  and 
correspondingly  low  amperage,  under  Avhich  conditions  it  is 
more  economically  transmitted  over  the  line,  by  virtue  of 
the  smaller  heating  effect. 

(d)  The  heating  effect  in  a  conductor  is  equal  in  watts  to 
C  R.  This  means  the  loss  due  to  heating  varies  as  the 
square  of  the  current.  It  is  therefore  much  more  economi- 
cal to  transmit  the  same  amount  of  energy  at  a  high  voltage 
and  small  current  than  at  a  low  voltage  and  heavy  current. 

(1431)  {(t)  The  percentage  of  loss  in  a  conductor  is 
the  percentage  which  the  drop  in  voltage  in  the  conductor 
is  of  the  voltage  at  the  dynamo, 

{&)  By  dividing  the  drop  in  voltage  by  the  initial  voltage 
and  multiplying  by  100. 

(1432)  See  Art.  3289. 

(1433)  See  Art.  3242. 

(1434)  {(i)  The  amount  of  current  a  conductor  is 
capable  of  carrying  without  excessive  heating. 

{d)     See  Arts.  3307  and  33  lO. 

{c)  By  adding  3  to  the  gauge  number  of  the  single  wire. 
(See  Art.  3279  and  Table  105.) 

(1435)  {a)  See  Art.  3279. 

(If)  A  wire  with  a  gauge  number  three  larger  than  that 
of  a  given  size  will  have  a  cross-sectional  area  onc-h.tlf  as 
great.     (See  also  Art.  3279.) 

I'ur  notice  of  copyright,  »e«  page  immediately  following  the  title  page. 
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(c)  Remember  that  the  resistance  of  a  No.  10  B.  &  S. 
gauge  wire  is  approximately  1  ohm.  For  every  three 
sizes  larger,  the  resistance  will  be  one-half  as  great,  and 
for  every  three  sizes  smaller  the  resistance  will  be  twice 
as  great.  The  resistance  of  the  size  next  smaller  or  larger 
than  a  given  size  is  found  by  multiplying  or  dividing  the  re- 
sistance of  the  given  size  by  1.26.  In  like  manner  the 
cross-sectional  area  may  be  found,  remembering  that  the 
area  is  in  inverse  proportion  to  the  resistance.  If  it  is  re- 
membered that  the  diameter  of  a  No.  10  B.  &  S.  wire  is  one- 
tenth  of  an  inch,  or  100  mils,  its  cross-sectional  area  is 
known  at  once  to  be  10,000  circular  mils;  and  the  corre- 
sponding area  of  any  other  size  of  wire  may  be  determined 
by  the  foregoing  method.  Having  found  the  cross-sectional 
area  in  circular  mils,  extract  the  square  root  to  obtain  the 
diameter  in  mils. 

(d)  The  resistance  of  a  No.  10  B.  &  S.  wire  1,000  feet 
long  is  1  ohm.  A  No.  4  wire  is  six  sizes  larger  and  will 
have  one-quarter  the  resistance,  or  .25  ohm.     The  resistance 

25 
of  a  No.  3  wire  will  be  -^-—  =  .  198  ohm.     Ans. 
1.20 

(1436)  See  Art.  3330. 

(1437)  See  Art.  3327. 

(1438)  (a)  See  Art.  3328. 

(i?)  To  provide  convenient  means  of  access  to  the  cables 
and  conduits. 

(1439)  (c?)  Copper  and  iron. 

(/;)  Copper,  because  of  its  high  conductivity,  its  dura- 
bility, and  its  moderate  cost.  Iron,  because  of  its  cheapness, 
and  in  some  cases  because  of  its  greater  tensile  strength. 

(1440)  {a)  See  Art.  3329. 

[d)  See  Art.  3329. 

(1441)  See  Art.  3332. 

(1442)  See  Art.  3339,  Figs.  1225  and  1226. 

(1443)  {a)  and  (d)  See  Arts.  3219  and  3220. 
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(1444)  See  Ail.  3225. 

(1445)  In  formula  503,  Art.  3339,  C='l,D'=z  25, 
and  D  =  69.     The  capacity  of  the  cable  will  therefore  be 

C '  =       ^^     =  . 7246  microfarad.     Ans. 
69 

(1446)  See  Art.  3340. 

(1447)  {a)  See  Art.   3231. 

(d)  With  the  handle  up  when  closed. 

(1448)  In  formula  504,  Art.  3340,  D  =  27,  />'  =  •::, 
L'  =  2,750.     The  distance  to  the  break  will  therefore  be 

Z  =  14  X  2,750  =  1,075  feet.     Ans. 

(1449)  See  Art.  3272. 

(1450)  See  Art.  3216. 

(1451)  See  Art.  3226. 

(1452)  See  Art.  3223. 

(1453)  {a)  See  Art.  3231,  Fig.  1205. 

(d)  A  single-throw  switch  has  but  one  set  of  contact 
p>oints  for  each  blade,  as  in  Fig.  1205,  while  a  double-throw 
switch  has  two  sets  of  contact  points,  so  placed  that  in 
passing  from  one  set  to  the  other  the  lever  must  swing 
through  180°. 

(1454)  {a)  See  Art.  3236. 

(^)  By  connecting  two  incandescent  lamps  in  series  across 
the  mains,  and  grounding  the  point  between  them. 

( 1 455)  According  to  formula  493, 

.,      360,000       ,...,.  , 

"^""7162^"=^      •      *"'"'        ^^"^• 

(1456)  (a)  See  Art.  3273. 
{/>)  See  Art.  3274. 

(1457)  (rt)  See  Art.  3291. 

(^)  See  Arts.  3293,  3295,  and  3296. 
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(1458)  See  Art.  3244  and  Fig;.  1209. 

(1459)  See  Arts.  3246,  3247,  and  3258. 

(1460)  It  is  a  better  conductor  than  any  other  metal 
except  silver;  it  is  not  excessively  expensive;  it  is  capable 
of  being  drawn  into  wire  possessing  great  tensile  strength; 
and,  lastly,  it  is  non-corrosive  under  ordinary  conditions. 

(1461)  Referring  to  Table  101,  we  find  that  a  wire  1 
foot  long  weighing  1  grain  will  have  a  resistance  of  .2271 
B.  A.  ohm  at  77°  F. ,  which  is  equivalent  to 

.2271  X  .9889  =  .22458  legal  ohm. 

In  formula  495,  L  =  \,R  =  .22485,  and  zv  =  240; 

r'  =  ^  =  :*?*«i^  =  . 00093. 

7V  240 

In  formula  497,  R'  =  .0002,  I)  =  25,  and  D'  =  5; 

D  25 

hence,  R=z—   R'  —  -x  .0002  =  .001. 

J-y  0 

The  resistance  of  the  sample  is  therefore  .001  ohm,  and 
that  of  a  pure  wire  of  the  same  size  and  dimensions  is,  as 
above,  .00093. 

The  percentage  conductivity  is  therefore,  according  to 
formula  496, 

;r  =  100X^^^  =  93^.     Ans. 

(1462)  See  Art.  3278. 

(1463)  See  Fig.  1207. 

(1464)  {a),  (d),  and  (c)  See  Art.  3234. 

(1465)  By  formula  490, 

W=  ^}^  =  1,123.G  lb.     Ans. 
62.5 

(1466)  {a)  See  Art.  3266. 

{l>)  An  unbalanced  armature. 
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(1467)  {a)  One-thousandth  of  an  inch. 

(d)     The  area  of  a  circle  whose  diameter  is  1  mil, 

(c)  The  ratio  is  as  .7854  is  to  1.     (See  Art.  3275.) 

(1468)  See  Art.  3290. 

(1469)  (a)  and  (/;)  See  Art.  3286. 

(1470)  {(j)  A  building  containing  all  apparatus  for 
generating  power  and  converting  it  into  electrical  energy, 
to  be  distributed  over  the  various  circuits  radiating  from  it. 

(/))     See  Art.  3218. 

(1471)  See  Art.  3227. 

(1472)  See  Art.  3223. 

(1473)  A  circuit  breaker  acting  automatically  by  caus- 
ing an  electromagnet  to  attract  an  armature  when  the 
current  becomes  excessive. 

( 1 474)  When  power  may  be  obtained  cheaply  at  some 
point  distant  from  the  distributing  center,  the  high-pressure 
alternating  current  is  most  suitable  for  its  transmission. 

(1475)  {a)  See  Art.  3292. 

(d)  Whenever  the  greatest  possible  mechanical  strength 
is  required,  as  in  very  long  spans. 

(1476)  5ee  Art.  3298. 

(1477)  {a)  High-speed  automatic  cut-off  engines. 

(/;)  Because  they  give  close  speed  regulation,  which  is 
needed  especially  in  view  of  the  fact  that  in  small  stations 
the  variations  in  load  are  extreme. 

(1478)  See  Arts.  3243  and  3244. 

(1479)  One  would  run  as  a  motor.     (See  Art.  3250.) 

(1480)  (ir)  See  Art.  3306. 

(d)     See  derivation  of  formula  501,  Art.  3306. 

(1481)  See  Art.  3344. 

(1482)  When  ther  t  few  cars,  and  also  when 
the  road  is  very  hilly. 
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(1483)  All  the  units  should  be  large,  except  two  or 
three,  aggregating  in  output  one  large  machine,  so  that  at 
all  times  the  dynamos  may  be  run  at  a  high  efficiency. 

(1484)  vSee  Art.  3258. 

(1485)  {(()  Low-speed  Corliss  engines,  run  with  con- 
densers, if  condensing  water  is  available. 

{/>)     High-speed  automatic  cut-off  engines. 

(1486)  See  Art.  3345. 

(1487)  To  maintain  the  fields  of  the  two  machines  at 
their  proper  strength. 

(1488)  Any  desired  combination  of  engines  and  dyna- 
mos may  be  readily  obtained. 

(1489)  (n)  10°  C.  or  18°  F. 

(d)  A  change  in  resistance  of  .21  per  cent,  takes  place  for 
every  degree  change  in  temperature.  The  resistance  be- 
comes higher  as  the  temperature  increases. 

(1490)  (c?)  A  short-circuited  field  coil  will  remain  cold. 
{/?)     A  short-circuited  armature  coil  will    become  exces- 
sively hot. 

(1491)  See  Art.  3226. 

(1492)  (<^)  The.  allowable  loss  in  the  line  and  the  heat- 
ing effect. 

(d)  When  the  cost  of  power  is  very  small,  so  that  the 
loss  is  to  some  extent  compensated  by  the  small  first  cost  of 
the  conductor. 

(1493)  It  should  be  impregnated  with  oil  or  paraffin. 

(1494)  See  Art.  3248. 

(1495)  See  Arts.  3260,  3261,  and  3262. 

(1496)  Be  sure  that  the  positive  brush  of  the  dynamo 
that  is  being  switched  into  circuit  will  be  connected  with  the 
positive  side  of  the  line.  The  dynamo  should  then  be 
brought  up  to  speed,  so  as  to  generate  a  pressure  equal  to, 
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or  a  little  above,  that  of  the  mains  across  which  it  is  to  he 
connected. 

( 1 497)  Eighty  degrees  Fahrenheit  above  the  surround- 
ing atmosphere. 

(1498)  {a)  See  Fig.  1212. 

{l>)  See  latter  part  of  Art.  3252. 

(1499)  Because  the  better  ventilation,  due  to  the  rapid 
rotation,  will  tend  to  cool  the  armature. 

(1500)  Applying  the  notation  used  in  Art.  3342  to 
this  problem,  we  have  ^^  =  460  ohms,  6' =  5,980  ohms,  s  = 
020  ohms,  r=  1,030,000  ohms,  d^  =  308  divisions,  and  <  = 
203  -f-  3  =  206  divisions. 

The  resistance  of  the  circuit  in  megohms  is 


1,030,000  + 


/D,980X920\ 
Uy80+920J  +  -^^'^ 


^  =  -^ MkoOO =  ^-^^^^^  megohms. 

According  to  formula  505, 

/= ^r^ =  11.56  megohms.     Ans. 

(1501)  The  resistances  of  the  series  windings  must  be 
inversely  proportional  to  the  current-carrying  capacity  of 
the  machines. 

(1  5()2)     The  resistance  of  entire  loop  is 

,,_  1.284X13,405X2      .....    . 

A  _ —- =  34.424  ohms. 

Using  formula  510, 

1,000  X  34.424  -  100  X  222.4 

-'■  = i00+ 1,000 -!l.n.r,,..I„ns 

Disiamc  Irom  testing  station  = 
11.0764 


1.284 


X  1,000=  8,626  ft.      Ans. 
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(1503)  {a)  A  tube  or  duct  in  which  cables  may  belaid 
{b)  Wood,  clay,  iron,  asphalt,  and  cement 

(c)  See  Art.  3324. 

(1504)  See  Arts.  3334  and  3335. 

(1505)  See  Art.  3333. 


ELECTRIC     RAILWAYS, 

(QUESTIONS   1506-1581.) 


(1 506)  The  motor  is  entirely  enclosed  in  a  frame  form 
ing  part  of  the  magnetic  circuit,  and  supporting  shaft  and 
armature.     (See  Arts.  3375  and  3376.) 

(1507)  (./)  See  Art.  3378. 

{d)  Those  in  which  the  dead  resistance  is  cut  oul,  and 
the  motors  are  either  in  series  or  parallel. 

(1508)  (n)  An  overhead  insulated  wire  carrying  cur- 
rent and  a  return  path  through  the  rails;  cars  propelled  by 
motors  geared  to  the  axles,  and  supplied  with  current 
through  a  contact  wheel  held  against  the  overhead  wire. 
(See  Art.  3358.) 

{d)  The  first  cost  is  comparatively  small,  and  the  insula- 
tion can  be  made  higher  than  in  other  systems. 

( 1 509)  See  Art.  3394. 

(1510)  By  comparison  with  a  table  showing  the  safe 
current  capacity  of  the  wire.     (Art.  3400.) 

(1511)  SeeArt.  3402. 

(1512)  SeeArt.  3363. 

(1513)  Center  poles,  or  side  poles  with  brackets,  or 
side  poles  with  span  wires.      (Art.  3388.) 

(1514)  (ej)  The  cables  must  be  tested  for  insulation 
resistance  and  for  faults. 

{/?)  SeeArt.  3414. 

(1515)  SeeArt.  3421. 

(1516)  SeeArt.  3423. 

•pyright.  see  p;iv;c  uninediately  following  the  title  i>iiv;e. 
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(1517)  By  formula  525,  Art.  3431, 

/'  =  [70  +  (20  X  4)  ]  X  7  =  1,050  pounds.     Ans. 

(1518)  See  Art.  3368. 

(1519)  Storage-battery  cars;  electromagnetic  devices 
in  connection  with  closed  conduits;  open  conduits;  third  rail 
and  overhead  trolley  systems. 

( 1 520)  Sixteen  or  eighteen  feet,  single  trucks.  Longer 
cars  usually  have  double  trucks. 

(1521)  Those  with  salient  and  those  with  consequent- 
salient  poles. 

(1522)  {a)  Due  to  eddy  currents  set  up  in  the  revolv- 
ing disk. 

(d)  No;  the  increased  air-gap  would  cut  down  the  lines 
of  force  and  reduce  the  action  for  a  given  magnetizing 
current, 

(1523)  This  is  one  in  which  a  starting  resistance  is 
inserted  in  the  armature  circuit  and  cut  out  as  the  speed 
increases.     (Art.  3383.) 

(1524)  See  Art.  3389. 

(1525)  See  Art.  3395. 

(1526)  («)  See  Art.  3404. 

(l?)  Reduction  of  track  resistance  and  consequent  saving 
of  power. 

(1527)  They  are  required  to  steady  the  engine  during 
sudden  variations  of  load,  which  are  of  frequent  occurrence. 

(1528)  In  order  to  prevent  the  salts  from  creeping. 

(1529)  The  engines  may  always  be  run  at  full  load, 
and  a  smaller  plant  will  suffice  than  would  otherwise  be 
required. 

(1530)  The  great  weight  of  the  battery  requires  a 
large  proportion  of  the  available  energy  for  transportation; 
deterioration  is  also  in  most  cases  very  rapid.     (Art.  3347.) 
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(1531)  (^/)  See  Art.  3355. 
{b)  See  Art.  3356. 

(1532)  The  wheel-base  is  the  distance  between  points 
of  contact  of  wheels,  measured  along  the  rail. 

(1533)  See  Art.  3367. 

ri534)     {a)  Point  1: 

First  half  of  Rheostat 

to  Field,  No.  1  Motor; 

to  Armature,  No.  1  Motor; 

to  Second  half  of  Rheostat; 

to  Field,  No.  2  Motor; 

to  Armature,  No.  2  Motor. 
Point  2:     First  half  of  Rheostat  cut  out. 
Point  3:     Second  half  of  Rheostat  cut  out. 
Point  4: 
Field,  No.  1  Motor; 

to  Armature,  No.  1  Motor; 

to  First  half  of  Rheostat. 
In  parallel  with  the  above: 

Second  half  of  Rheostat 

to  Field,  No.  2  Motor; 

to  Armature,  No.  2  Motor. 
Point  5  cuts  out  one-half,  point  0  the  whole,  of  Rheostat. 

{b)  Point  1: 

Whole  Rheostat 
I  to  Armature,  No.  1  Motor; 

k  to  Field,  No.  1  Motor; 

I  to  Armature,  No.  2  Motor; 

\  to  Field,  No.  2  Motor. 


I 


Point  2: 

One-half  of  Rheostat  cut  out. 

Point  3: 

Entire  Rheostat  cut  out. 

Point  4: 

Rheostat    cut    out    and    Fields 

shunted. 

Point  5: 

Same  as  Point  2. 

Point  (i: 

Second  Motor  cut  out. 
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Point  7:     Same  as  Point  G. 
Points:     One-half  of  Rheostat 

to  Armature,  Motor  No.  1 ; 

to  Field,  Motor  No.  1. 
Also,  Armature,  Motor  No.  2; 

to  Field,  Motor  No.  2; 

in    parallel  with  Armature  and  Field   of 
No.  1. 
Point  9:     Rheostat  cut  out. 
Point  10:     Rheostat    cut    out    and    Fields 
shunted. 

(1535)  Trolley-wire  not  less  than  No.  0,  B.  &  S.  hard- 
drawn  copper;  span  wire  No.  5,  B.  &  S.  galvanized  steel 
wire. 

(1536)  The  difference  of  potential  between  trolley-wire 
and  track  shall  have  a  certain  minimum  and  a  certain  aver- 
age value;  also,  the  conductor  must  not  heat  beyond  a  safe 
limit. 

(1537)  From  formula  515,  Art.  3399,  the  drop  in 
potential  r  =  —  for  a  temperature  of  75°  F.  The  cur- 
rent in  this  case  is  120  amperes,  and  by  reference  to  the 
table  of  carrying  capacity  it  will  be  seen  that  No.  00  wire 
will  rise  in  temperature  about  13°  C,  or  say  23°  F.  Then, 
by  formula  517,  the  resistance  of  one  mil-foot  =  10. 79-[- 
(.00222  X  10.79  X  23)  =  11.34  ohms.  For  a  distributed  load, 
one-half  of  this  amount  is  taken,  and 

5.67  X  120  X  10,560       ^,       ,,         . 
'= 133;079 =  54  volts.     Ans. 

(1538)  A  reflecting  galvanometer  (Thomson)  may  be 
used  when  there  are  no  disturbing  currents  in  neighboring 
conductors;  when  there  are  disturbing  currents,  only  the 
ballistic  galvanometer  can  be  used. 

(1539)  The  battery  would  be  charged  when  the  ex- 
ternal   load    was   heavy,    because    the  generator  E.    M.    F. 
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would  then  be  the  highest,  and  would  discharge  when  the 
external  load  was  light. 

(1540)  SeeArt.  3440. 

(1541)  By  changing  the  battery  connection  by  means 
of  a  controller. 

(1542)  SeeArt.  3363. 

(1543)  Between  3^  and  5  to  1. 

(1544)  SeeArt.  3384. 

(1545)  (rt)  See  Art.  3393. 
(^)  6-inch  offset. 

(1546)  For  a  uniformly  distributed  load  the  cross- 
secticSn  of  conductor  need  be  only  one-half  that  required 
when  all  the  load  is  concentrated  at  the  end  of  the  line. 

(1547)  SeeArt.  3405. 

( 1  548)  (<?)  By  incorrect  use  of  the  brakes,  which  allows 
the  wheels  to  skid;  sometimes  flats  are  due  to  soft  spots  on 
the  wheel  tread. 

{d)     SeeArt.  341 0. 

(1549)  SeeArt.  3415. 

(1550)  See  Arts.  3426  and  3439. 

(1551)  By  formula  524,  Art.  3429,  the  horsepower 

^  —    .JO  ,w.,>  t~-     ^^^  speed  of  the  car  is  9  miles  per  hour, 
00,01.10  t 

therefore  the  distance  covered  in  1  minute  =D  ='- 1^ —  = 

GO 

792  feet,  corresponding,  on  a  7  per  cent,  grade,  to  a  ver- 
tical distance  //  =  792  X  .07  =  55.44  feet.  The  weight  of  car 
:/  -  9  X  2,000  =  18,000  pounds.  The  force  required  for 
propulsion  is,  by  formula  522, 

/=  30  X  9  =  270  pounds  ; 
,    ..      (55.44  X  18.000)  -f  (792  X  270)       ^,,^, 

^"'^'  ^^=  33.000  X. 7 =  ^^-^^  horsepower. 

Ans. 
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(1552)  See  Art.  3349. 

(1553)  By  an  extension  of  the  yokes  under  the  rails, 
and  the  use  of  a  heavy  cross-section  of  metal  in  their 
construction. 

(1554)  In  order  to  prevent  oscillation  of  the  car  body, 
which  strains  the  car  unnecessarily  and  also  tends  to  cause 
slipping  of  the  driving  wheels. 

(1555)  See  Art.  3369. 

(1556)  Between  the  canopy  switch  and  controller. 
(See  Fig.  1200.) 

(1557)  (rf)  See  Art.  3390. 

(/;)   No.  8  B.  &  S.  galvanized  steel  wire.     • 

(1558)  (a)  See  Art.  3403. 

{d)  To  avoid  the  shock  to  the  car  on  entering  curves  and 
to  save  wear  on  the  track. 

(1559)  See  Art.  3411. 

(1560)  See  Art.  3417. 

(1561)  The  answer  is  obtained  from  formula  521, 
Art.  3422, 

n  —  c  —- —J . 

A\  +  7^  +  w 

In  this  case  C  =  14,500,  A\  =  7G0,  A'  =  950,  and  w  =  7.3. 
Then,  the  distance  to  the  fault  is 

^-1^>500X^^^^^^^^^^^  3  ^6,417  feet.     Ans. 

(1562)  See  Art.  3437. 

(1563)  The  horizontal  effort  required  is  greater  as  the 
radius  of  the  curve  decreases  and  as  the  length  of  wheel- 
base  increases. 

(1564)  (a)  and  {d)  See  Arts.  3390  and  3391. 
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(1565)  (a)  From  Table  107,  the  wire  to  use  under 
these  conditions  is  .6  inch  in  diameter,  when  only  one  is 
used;  if  three  are  used,  each  wire  carries  116.G  amperes,  and 
will  be,  say,  No.  2  wire.  By  formula  513,  Art.  3399, 
modified  for  a  temperature  rise  of  30^,  the  drop  will  be,  in 
the  first  case, 

12.08  X  350  X  1,200       ,  ,  ^^^^       .  , 

'= 3(30:000 =  1^-09  volts.     Ans. 

In  the  second  case, 

12.08  X  350  X  1,200       ^^   .^       .  , 

r  = 777-;^^;^ =  25.48  volts.     Ans. 

3  X  66,373 

{d)     If  the  three  wires  are  to  equal  the  single  one  in  area, 

they  will  each  be  '- — ~ =  120,000  circ.  mils.     The  nearest 

size  of  wire  is  No.  00  =  135,079  circ.  mils,  and  the  tempera- 
ture rise  will  be  12°  C.  for  116.6  amperes.     Then,  the  drop  is 

11.3  X  350  X  1,200       ,,  ^       ,,         . 

e  = ,  ...^  ,,^., ==11.9  volts.     Ans. 

3  X  133,079 

(1566)  SeeArt.  3409. 

(1567)  By  formula  523,  Art.  3428,/=  r  11'=  25  X 
1 1  =  275  pounds. 

By  formula  527,  the  force  to  be  applied  is 

/r  =  275  +  ^^-^  V^^  ^  ^'^  =  675. 84  pounds.     Ans. 

(1568)  SeeArt.  3425. 

(1569)  (a)  and  {d)  See  Art.  3426. 

( 1 570)  Nine  H.  P.  per  car. 

( 1 57 1 )  The  motors  are  used  as  generators,  and  a  small 
current  is  taken  from  them  which  is  used  to  energize  an 
electromagnetic  brake  on  the  car-axle,  operating  directly  on 
the  wheels. 

M.I        1  /,      ;- 
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(1572)  Feeders  are  intended  to  carry  current  from  the 
power-house  to  centers  of  distribution,  and  are  tapped  at  no 
intermediate  point. 

(1573)  The  first  point  to  determine  is  the  drop  in  po- 
tential through  the  known  resistance.  In  the  first  division, 
the  length  of  track  from  the  feeder  to  the  end  of  the  line  i;; 
2,400  feet.     The  resistance  is  0.03  ohm  per  mile,   and  for 

9  400 
2,400  feet  will  be  ;^-— -  X  .03  =  .0130  ohm.     The  total  length 
o,2bO 

of  road  is  24,600  feet,  and  there  being  50  cars,  there  will  be 

]  car  for  each  492  feet.      In  2,400  feet  there  may  be  ^ = 

^  492 

5  cars,  and  the  current  will  be  5  X  10  =  80  amperes,  distrib- 
uted load.      The  drop  in  potential  will  be 

SOX. 0130       n  ".       u  T       A  r 

e  = ^  =  0.o4volt.  Irack  1. 

2 

For  the  second  division,  the  length  is  2,700  feet,  and  the 

2  700 
resistance  is   ^'         x  .03  =  .0153  ohm.       On   this   length  of 

road  there  may  be  ^~v  =  6  cars,  and  the  current  will  be  96 
492 

amperes,  distributed  load.     The  drop  in  potential  is 

e  =  ^^  X  -Q^^^  r=  0. 73  volt.  Track  IT. 

2 


For  the  third  division,  the  length  is  3,900  feet,  and  the  re 
star 
3,900 


3  900 
sistance  =  7^,7^  X  .03  =  .022    ohm.      Here,    there    may    be 


=  8  cars,  and  the  current  =  128  amperes.     The  drop  is 
492 

J./CO    X    •yJv/i  -,       I  -,  A  'T-'  7       rrr 

e  = ■  =1.41  volts.  Irack  111. 

/i 

For  the  fourth  division,  the  length  is  3,300  feet,  and  the 

q   QAA 

resistance  =     '         X  .03  =  .019    ohm.       On  this    length    of 
5, 280 

road  there  may  be    '        =  7  cars,   and    the    current  =  112 
492 
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amperes.     The  drop 

112  X  .019       ^  _       .  „       ,    _.- 

e  = -— —  =  1.06  volts.  Track  IV. 

The  sections  of  trolley-wire  ale  each  600  feet;  then,  from 
the  sub-feeder  to  the  end  is  300  feet.  In  this  length  there 
can  be  but  one  car,  and  it  may  be  at  any  point.  The  size 
of  wire  is  No.  0,  B.  &  S. ;  then  the  drop  of  potential  is 

e  =  5-^  ><  16X300  ^ 

l(»5,.5'.i->  ^     '       '         » 

Division  I.  The  main  carries  in  each  half  a  current  of 
80  amperes,  distributed  load.  Allowing  a  temperature  rise  of 
10°  C,  the  size  of  wire  will  be  No.  1 ;  the  main  being  600  feet 
shorter  than  the  trolley,  its  half-length  is  ^  (4800  —  600)  = 
2,100  feet.  The  area  of  wire,  by  Table  107,  is  83,604  circ. 
mils,  and  the  drop,  by  derivation  from  formula  515,  Art. 
3399,  is 

5.6  X  80X  2,100       ,,  ^       .  HT   •     T 

e— -; — — =11.2  volts.  Main  I. 

83,694 

The  feeders,  both  outgoing  and  return,  are  alike  fbr  any 
division;  thecurrent  is  double  that  considered  for  one-half  of 
the  main,  and  the  available  drop  of  potential  is  75  —  (.54  + 
.24+  11.2)  =  63.02,  or  31.5  volts  each.  Then,  by  formula 
5 12,  Art.  3399, 

,,       10.79X160X5,000      ^«,  ^„,     .  ., 

d^  = ;-— =  274,031  circ.  mils. 

31.5 

The  rise  of  temperature  will  be  about  8°  C,  and 

,,       11.13X160X5,000      ^Q^  „^„    .  .,  , 

a^= — — =  282,667  circ.  mils.      Ans. 

Feeders  /. 

Division  If.  The  main  carries  in  each  half  a  current  of 
96  amperes,  distributed  load,  and  the  length  is  2,4(M)  feet. 
With  a  temperature  rise  of  10°  C,  the  size  wire  will  be  No. 
0=  105,592  circ.  mils.     The  drop  in  potential  is 

5.6  X  96  X  2,400      ,_  ,,       ,^  .,   .     ,, 

e  = .,^.  ,^^  ' =12.2  volts.  Main  II. 

10O.592 
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This  leaves  for  the  feeders  a  drop  of  potential  of  75 
-  (.73  +  .34  +  12.2)  =  01.83,  or  30.9  volts  each.  Then,  the 
area  of  feeder  is 

,,       10.79  X  192X4,500       .^^^  ^^^     .  .. 

a'  = -~-j =  301,701  circ.  mils. 

The  rise  of  temperature  will  be  about  12°  C.     Corrected 

for  this, 

11.3  X  192X4,500       ...„_^     .  .,         . 

a    — — -— =  315,901  circ.  mils,     Ans. 

Feeders  IT. 

Division  [IT.  The  current  in  each  half  of  the  main  is 
128  amperes,  distributed  load,  and  the  length  is  3,000  feet. 
With  a  temperature  rise  of  10°  C,  the  size  wire  will  be 
No.  000,  having  an  area  of  107,805  circ,  mils.  Then,  the 
drop  is 

5.0  X  128  X  3,000       _  _      .  nr   •     ttt 

'  =  -       107,805 =  ^^- '^  ^"^'^-  ^^^^'^  ^^^• 

This  leaves  for  the  feeders  75  —  (1.41  +  ,24  4-  15.3)  = 
58.05  volts,  or  a  drop  of  29  volts  in  each;  then, 

'    ,       10.79  X  250  X  3,800       ^^..   .^.^    .  ., 

d   = — =  301,948  circ.  mils. 

This  will  involve  a  temperature  rise  of  about  18°  C,  and 
corrected  for  this, 

d'  =  "S"  X  a^y  X  3,800  ^  3g^_„g  ^.^^^  ^.^^      j^^^ 

Feeders  III. 

Division  IV.     The  main  carries  a  distributed  load  of  112 

amperes  in  each  half,  and  the  length  is  3,000  feet.     For  a 

temperature  rise  of  10°  C. ,  the  wire  to  use  is  No,  00,  in  area 

133,079  circ.  mils.     The  drop  in  potential  is 

5.0X112X3,000       ^  .  ^       .  , ,   .     „, 

e  —  — —  =  14.1  volts.  Main  IV. 

There  is  available  for  the  feeders  75  —  (1.00 +.24  + 14.1)  = 
59.0  volts  for  the  two,  or  29.8  volts  each.     Then, 

,,       10.79  X  224  X  4,000       .,^,    .,,,     .  ., 

a    = — =  324,424  circ,  mils. 

29.8 
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This  introduces  a  rise  of  about  15°  C.  in  temperature, 
and  the  area  becomes,  by  correction, 

^,       n. 44:  X  224  X  4,000      .,,„^,.^    •  .,         * 

d^  =  — -^ =  343,907  circ.  mils.     Ans. 

Feeders  IV. 

(1574)  (^)  and  (/^)  See  Art.  3412. 

(1575)  See  Art.  3373. 

(1576)  See  Arts.  3419  and  3420. 

(1577)  (^)  The  ratio  of  adhesive  force  to  weight  on 
drivers  is  a  =  l\  one-half  the  weight  of  car  is  on  drivers. 
Then,  by  formula  533,  Art.  3436,  the  maximum  grade 
will  be 


(•^xi)-30__ 


Gr  ~ w?r^ ■  =  5.G4  per  cent.     Ans. 

{b)     By  formula  532, 

/2,000       1\       „^ 

G^  =  -^^ — = — =  10.78  per  cent.     Ans. 

20 

(1578)  See  Art.  3392. 

(1579)  Formula  519,  Art.  3420,  is  applicable  here. 

The  msulation  resistance  /  = ^^. 

1,89  X  log  f 

^^^-  =  3.29,  and  by  reference  to  the  table  of  logarithms, 
the  logarithm  of  3.29  is  found  to  be  0.517. 

Substituting  this  value  for  the  ratio  of  the  deflections, 
we  have 

104.24  ..««„.  ,  A 

^  =  1.89X0.517  =  ^^^-^  +  megohms.     Ans. 

(1580)  See  Art.  341 0. 

( 1 58 1 )  The  average  speed  of  the  cars  is  5  miles  in  one- 
half  hour,  or  10  miles  an  hour,  and  the  distance  traveled  in 

10  X  5  280 

one  minute  is  — ^ =  880  feet.      The  force  required 

bO 


440  ELECTRIC  RAILWAYS. 

to  propel  the  car  on  the  level  is  30  pounds  per  ton,  and  the 

•   u.  u  ■        o  .  8  X  30  X  880       ^   .  ,  .... 

weight  being  8  tons,  =  6.4  horsepower  will  be 

00,000 

required  for  one  car.  There  are  four  cars  on  the  level,  and 
for  these  the  power  will  be  0.4  X  4  =  25. G  horsepower.  For 
starting  on  the  level  we  require  a  force  of  70  pounds  per  ton, 
and  the  power  required  may  be  determined  by  the  propor- 
tion 30  :  70  =  6.4  :  x;  whence,  x  =  14.9  H.  P.,  and  for  2  cans, 
29.8  H.  P.  The  force  necessary  for  starting  on  a  3  per  cent, 
grade  is,  by  formula  525,  Art.  3431, 

/'  =  70  -I-  (20  X  3)  X  1  =  130  pounds  per  ton. 

Then,  the  power  required  may  be  determined  by  the  pro- 
portion 30:130  =  6.4:^';  whence,  ^'=27.7  H.  P.  The 
power  required  in  ascending  a  5  per  cent,  grade  is  found 
from  formula  524,  Art.  3429,  where,  disregarding  for 
the  present  the  question  of  efficiency, 

^_kxa -{-£>/_  (44  X  16,000)  +  (880  X  240)  _  ^„  „  ^ 
^  ~      33,000      ~  33,000  -.-.-n.!-. 

The  car  descending  the  grade  and  that  at  rest  require  no 
power,  and  the  total  horsepower  to  be  delivered  at  the 
wheels  will  be: 

4  cars  on  the  level 25. 6  H.  P. 

2  cars  starting  on  the  level 29.8  H.  P. 

1  car  starting  on  a  3  per  cent,  grade.  .  27.7  H.  P. 

1  car  ascending  a  5  per  cent,  grade. . .  27.7  H.  P. 

110.8  H.  P. 

The  efficiency  of  transmission  being  60  per  cent.,  the  total 

horsepower  required  is        ".    =  184.6  H.  P.     Ans. 
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(QUESTIONS  1582-1647.) 


(1582)  See  Art.  3489. 

(1583)  The  current  in  the  neutral  wire  is  equal  to  the 
difference  between  the  values  of  the  current  flowing  in  the 
two  sides  of  the  system. 

(1584)  10  amperes.  ^ 

(1585)  The  size  of  the  crater  is  increased.     (See  Art 
3445.) 

(1586)  By  formula  547,  Art.  3533,  the  resistance 
per  foot  of  the  conductor  is 

7g  =        ^~        =^.00131  ohm, 

=  1.31  ohms  per  1,000  feet. 

By  reference  to  Table  98,  it  will  be  seen  that  this  corre- 
sponds to  No.  11  wire.     Ans. 

(1587)  See  Art.  3538. 

(1588)  {(i)  The  arc  lamps  siiouiu  be  connectetl  in 
groups  of  two  in  series  and  each  group  connected  in  parallel 
across  the  110- volt  mains. 

(/^)  Two  arcs  require  2  X  45  =  iU)  volts,  leaving  110 
—  00=20  volts  to  be  taken  up  by  resistance.  Since  the 
current  i^  '  )  amperes  through  the  lamps  and  resistance, 
and  the  drop  around  the  resistance  is  20  volts, 

7e  =  1^  =  2.1  ohms, 
y.o 

Hence,  the  auxiliary  resistance  must  be  2.1  ohms,  and  its 
carrying  capacity,  9.5  amperes.     Ans. 

For  notice  of  copyright,  see  page  itnincdiately  •  ■;ov>aK*- 
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(1589)  About  3,500°  C. 

(1590)  See  Art.  3504. 

(1591)  (a)  Formula  545,  Art.  3484,  is  to  be  used 

JV=  60,  v=  1,175,  and  v^  =  950.      Substituting, 

Hence  the  fault  was  situated  beyond  the  33d  lamp,  that 
is,  between  the  33d  and  34th.     Ans. 

{I?)  In  formula  546,  A' =  145,000,  7'=  1,175,  x  ==  m, 
and  ^  =  45. 

Then,  A,  =  ^|^?^  X  (45  X  33  -  1,175)  =  38,255  ohms. 

Ans. 

(1592)  See  Art.  3487. 

(1593)  (a)  Applying  Ohm's  law, 

^       i^       110        , 

~R'^226^      ampere.     Ans. 

{b)  Watts  =  volts  X  amperes  =  110  X  .5  =  55  Avatts;  or, 
watts  =  current^  X  resistance  =  .5^  X  220  =  55  watts. 

Ans. 

(c)  55  watts  for  16  candles,  or  f f  =  3.44  watts  per  can- 
dle.    Ans. 

(1594)  Yes.     (See  Art.  3469.) 

(1595)  («)  vSee  Art.  3450. 

(/?)  The  positive  carbon, 

(1596)  See  Art.  3538. 

(1597)  (rt)  See  Art.  3508. 

(d)  Upon  the  current  transmitted  and  the  resistance  of 
the  circuit. 

(1598)  See  Art.  3443. 

(1599)  Impurities  volatilize  at  comparatively  low  tem- 
peratures, and  do  not  affect  the  brightness  of  the  crater. 
(See  Art.  3446.) 
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(1600) 

Three  100  c,  p.  lamps  =  3  X  <»  =  18  lamps  of  16  c.  p 
Eight  50  c.  p.  lamps  =  8  X  3  =  24  lamps  of  16  c.  p 
Twelve  32  c.  p.  lamps  =  12  X  2  =  24  lamps  of  16  c.  p. 

Total  =  06  lamps  of  16  c.  p 

(1601)     SeeArt.  3507. 


ME 


real 


\ov  viV" 
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(1602)  (^)   vSee  Art.  3457'. 

((^)     Because  very  little  oxygen  is  supplied  to    the    car 
bons  in  an  enclosed  arc  lamp. 
ic)     See  Art.  3459. 

(1603)  See  Art.  3514.     220  volts.      Ans. 

(1604)  On  the  multiple-arc  system.    (See  Art.  3521 .) 

(1605)  When  one  lamp  of  a  series  burns  out,  all  otner 
lamps  on  that  series  are  also  extinguished. 

(1606)  See  Art.  3445. 

(1607)  See  Fig.  104  and  Arts.  3521  and  3522. 

(1608)  See  Art.  3517. 

(1609)  The  core  has  a  higher  conductivity  than  the 
surrounding  material,  thus  tending  to  hold  the  arc  in  the 
center  of  the  rod. 

(1610)  Apply  Ohm's  law  : 

I^  =  7^,  or  K  —    --  =  156.25  ohms.     Ans. 
C  .04 

(1611)  (a)  Chiefly  from  the 
crater  of  the  positive  carbon. 

(d)     See  Art.  3445. 

(1612)  (a)  See  Art.  3462. 
(I})     When  the  lamps  are  con- 
nected in  series. 

(1613)  (<'?)     Six    dynamos. 
(See  Art.  3517.) 

(/;)      See  Fig.  105. 

(1614)  See  Art.  3518. 

(1615)  («)  About  39  volts. 
{i>)     See  Art.  3446. 

(1616)  By  formula  502  we 
find  that  the  actual  drop  on  the 

Fig.  105.  line  is 
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£  =  12^L><il2_  no  =  5.79  volts. 
95 

Then,  we  may  use  formula  549  to  determine  the  size  of 
cable.     iV=  :350,  F=  GOO,  and  E  =  5.79. 

,o,  ',       1^-8  X  210,000       .,^^,  ^,       .       ,  ., 

Then,     A  =  ■ ,  ^^  ' =  391, TlO  circular  mils. 

'  0.79 

Current  per  lamp,  ^  ampere;  350  lamps  require  350  X  i  = 
175  amperes. 

Referring  to  Table  lOG,  we  find  391,383  circ.  mils  as  hav- 
ing more  than  the  safe  carrying  capacity  for  175  amperes, 
and,  hence,  adopt  this  conductor  and  require  no  revision. 

Ans. 

(1617)  i  of  20  =  5.     Ans.     (See  Art.  3472.) 

(1618)  See  Art.  3479. 

(1619)  See  Art.  3449. 

(1620)  The  voltage  at  the  dynamo,  by  formula  502,  is 

„      100X110       _.       ^_       ,^ 

£  = — 110  =  7.02  volts. 

94 

The  lamps  take  ^  ampere,  and  are  therefore  of  IG  c.  p.  Then 
A^=150,  F=(}00,  and  the  resistance  per  foot  of  the  wire 
will  be,  by  formula  547, 

=  .078  ohm  per  1,000  feet. 

By  reference  to  Table  98  it  will  be  found  that  this  corre- 
sponds closely  to  No.  00  wire,  which  should  therefore  be  used. 

Ans. 

(1621)  See  Art.  3515. 

(1622)  Regulators  are  used  to  keep  the  current  at  a 
constant  value.      (See  Art.  3492.) 

(1623)  45  volts.     (See  Art.  3488.) 
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(1624)  {a)  Two  open  arc  lamps,  or  one  enclosed  lamp, 
with  suitable  resistances. 

(d)     One  open  arc  lamp. 

(1625)  (a)  and  {d)     See  Art.  3447. 

(1626)  (a)  Enclosed   arc  lamps  are  usually  run  on  a 
110-volt  direct-current  lighting  circuit. 

(d)     In  order  that  deposits  may  not  be  made  upon  the  inner 
globe. 

(1627)  See  Art.  3497. 


(1628) 
First  circuit  requires 
Second  circuit  requires 
Third  circuit  requires 
Fourth  circuit  requires 
Fifth  or  main  circuit 

requires 


10  X  1,000  =  10,000  circular  mils. 

60  X  1,000  =  00,000  circular  mils, 

30  X  1,000  =  30,000  circular  mils. 

80  X  1,000  =  80,000  circular  mils. 

190  X  1,000  =  190,000  circular  mils. 


Diameter  for    10,000  circular  mils  =  4/l0,000  =  100  mils. 


Diameter  for  60,000  circular  mils  =  4/60,000  =  245  mils. 
Diameter  for  30,000  circular  mils  =  |/30,000  —  174  mils. 
Diameter  for  80,000  circular  mils  =  4/80,000  =  283  mils. 
Diameter  for  190,000  circular  mils  =4/190,000  =  435  mils. 

According  to  Table  98,  the  following  are  the  nearest  sizes 
of  wire  in  each  case: 


100  mils  equivalent  to  No.  10  B.  &  S.  wire. 
245  mils  equivalent  to  No.  2  B.  &  S.  Avire. 
174  mils  equivalent  to  No.  5  B.  &  S.  wire. 
283  mils  equivalent  to  No.  1  B.  &  S.  wire. 
435  mils  equivalent  to  No.  0000  B.  &  S.  wire. 


y  Ans. 


(1629) 
(1630) 


See   Art.    3508. 
See  Art.  3505. 


Drop  =  10  X  3  =  30  volts. 
Ans. 


(1631)     When  the  carbons    are   widely   separated,   the 
shunt  coils  would  be  burnt  out  if  the  current  were  diverted 
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wholly   through    them.     The   cut-out  prevents    this    from 
occurring.      (See  Art.  3453.) 

(1632)  See  Art.  3486. 

(1633)  The  economy  of  copper  obtained  in  the  feeders. 

( 1 634)  Regulation  is  obtained  by  the  differential  action 
of  the  series  coil  and  gravity.     (See  Art.  3464.) 

(1635)  The  efficiency  is  the  mean  spherical  candle- 
power  divided  by  the  electrical  work  done,  as  measured 
between  the  terminals  of  the  lamp. 

(1636)  (rt)  See  Art.  3474. 

(d)     By  the  rule  in  Art.  3474,  the  mean  spherical  candle- 

421  ,  2,070       ^,,  , 

power  =  — r — I j —  =  1 2^  c.  p.     Ans. 

2  4 

(1637)  (ti)  See  Arts.  3502  and  3503. 

{d)  The  controlling  magnet  puts  in  or  out  of  circuit  the 
regulating  magnet. 

(c)  The  regulating  magnet  moves  the  brushes  to  the 
proper  positions.     (See  Art.  3503.) 

(1638)  (rt)  See  Art.  3511. 
(d)  See  Art.  3512. 

(1639)  The  average  life  of  an  incai.w^.-v v.iiL  lamp  is 
ibout  800  hours. 

(1640)  See  An.  3485. 

(1641)  The  voltage  is  autoniaticallv  ihaiiir«'t":         ; 

are  cut  in  or  out.     (See  Art.  3492.) 

(1642)  {a)  Two. 

{d)  In  series.     (See  Art.  3514.) 

(1643)  {(I)  It  must  allow  of  continued  incandescence 
while  the  current  is  passing,  and  must  last  for  a  reasonable 
time. 
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{d)     Carbonized  vegetable  substances, 
(r)     It  is  termed  the  "filament." 

(1644)  About  3.44  watts  per  candle. 

(1645)  Rise  in  temperature  due  to  the  current. 

(1646)  Formula  547  may  be  used  here.  £=i);  N  = 
200;  and  F=700.  Then,  the  resistance  per  foot  of  the 
conductor  is 

=  .0G43  ohm  per  1,000  feet. 

By   reference  to  Table  98,   it   will  be  seen  that  this  corre- 
sponds to  No.  000,  B.  &  S.     Ans. 

(1647)  (a)  See  Arts.  3508,  3509,  and  3512. 

(d)  5  or  G  amperes  is  the  limit,  which  would  correspond 
to  10  or  12  ordinary  IG  c.  p.  lamps.      (See  Art.  3539.) 


Dynamo-Hlfxtric  Machine  Design. 

(CONTINUOUS-CURRENT. ) 
(QUESTION^  1648-1711.) 


(1648)  A  reduction  in  weight  for  a  given  output  is 
secured.  On  the  other  hand,  high  speed  requires  careful 
balancing  and  strong  construction.      (Art.  C5549.) 

(lt>49)  The  turns  embraced  within  twice  the  angle  of 
lead  of  the  brushes  multiplied  by  the  current  flowing 
through  one  of  those  conductors  constitute  the  back 
ampere-turns.     (Art.  3560.) 

(1650)  "Volume  of  current"  is  a  term  used  to  indi- 
cate the  total  amount  of  current  which  the  armature  car- 
ries. It  may  be  defined  as  the  sheet  of  current  flowing 
across  the  whole  armature,  and  is  equal  to  the  number  of 
conductors  on  the  periphery  of  the  armature  multiplied  by 
the  current  flowing  in  one  conductor.     (Art.  3573.) 

( 1 B5 1 )  The  result  obtained  is  a  diminution  of  sparking 
at  the  commutator,  because,  when  the  iron  is  saturated, 
there  is  less  change  in  the  number  of  lines  of  force  at  the 
moment  of  short-circuiting  a  coil.     (Art.  3593.) 

(1652)  In  a  four-pole  machine  there  are  only  two  mag- 
netic circuits  to  be  calculated;  therefore  the  total  ampere- 
turns  will  be  double  the  amount  required  for  one  circuit, 
or,  in  this  case,  9,600  ampere-turns.     (Art.  3691.) 

(1653)  In  order  to  avoid  any  liability  of  the  shaft 
being  caught  between  the  bearings  when  expanded  by  heat, 
and  also  in  order  to  promote  smooth  wearing  of  the  com- 
mutator by  allowing  oscillation  <  f  the  armature  when  run- 
ning.    (Art.  3741.) 


450     DYNAMO-ELECTRIC  MACHINE  DEvSIGN. 

(1654)  The  output  is  limited  by  the  carrying  capacity 
of  the  armature  conductors  and  by  the  distortion  of  the 
field  by  armature  reaction.      (Art.  3541.) 

(1655)  Small  bipolar  dynamos  may  be  run  at  about 
2,300  to  2,900  feet  per  minute;  larger  machines  range 
between  2,800  to  3,600  feet  per  minute.  Sometimes  a  fixed 
speed  is  used,  for  sm.all  sizes  perhaps  3,100,  for  large  sizes 
3,500  feet  per  minute.     (Art.  3549.) 

(1656)  The  advantages  of  such  design  are  that  a  com- 
pact magnetic  circuit  is  obtained  and  the  weight  of  copper 
is  reduced.     (Art.  3551.) 

(1657)  The  cross  ampere-turns  may  be  defined  as  equal 
to  one-half  the  conductors  under  the  pole-pieces  multiplied 
by  the  current  flowing  through  each;  that  is,  to  the  whole 
number  of  armature  ampere-turns  less  the  back  ampere- 
turns.  The  cross  ampere-turns  of  a  bipolar  dynamo  are 
equal  to  one-half  the  armature  current  multiplied  by  the 
number  of  conductors  enclosed  within  an  angle  equal  to 
180°  less  twice  the  angle  of  lead.      (Art.  3562.) 

(1658)  The  maximum  volume  of  current  which  an 
armature  may  carry  is  directly  proportional  to  the  field 
ampere-turns  required  for  the  air-gap,  and  inversely  propor- 
tional to  the  polar  embrace.  Therefore,  since  the  angle 
covered  by  the  pole  is  usually  fixed,  the  volume  of  current 
rs  affected  only  by  the  length  and  density  of  the  air-gap, 
and  an  increase  in  volume  of  current  must  be  accompanied 
by  an  increase  in  one  of  these  factors.     (Art.  3585.) 

(1659)  In  order  to  keep  the  current  at  a  constant 
value,  for  any  increase  of  armature  current  above  the  nor- 
mal amount  will  distort  and  weaken  the  field.    (Art.  3592.) 

(1660)  («)  The  effect  will  be  a  decrease  of  efficiency, 
because,  the  number  of  turns  being  decreased,  the  current 
must  necessarily  increase  in  order  to  obtain  the  same  num- 
ber of  ampere-turns,  and  the  heat  losses  are  proportional  to 
the  square  of  the  current,  but  only  directly  proportional  to 
the  resistance  of  the  winding. 


DYNAMO-ELECTRIC  MACHINE  DESIGN.     451 

{b)     No. 

{c)  Because  the  total  number  of  ampere-turns  will  be 
practically  constant,  as  the  resistance  of  the  winding  is  de- 
creased and  a  larger  current  flows.     (Art.  3622.) 

(1661)  The  external  characteristic  is  useful  in  showing 
the  performance  of  a  dynamo  under  load.    (Art.  3659.) 

(1662)  Steel,  hard  brass,  or  phosphor-bronze,  varying 
in  thickness  from  No.  18  to  21  or  22.     (Art.  3713.) 

(1663)  The  pulleys  for  small  machines  run  at  a  high 
speed,  which  necessitates  very  careful  balancing.  This 
result  is  best  obtained  by  casting  the  pulley  with  a  central 
web  and  turning  all  over.      (Art.  3747.) 

(1664)  About  170°  F.     (Art.  3544.) 

(1665)  Usually  not  more  than  2^  inches.  This  depth 
should  not  be  exceeded,  as  i  rule,  as  the  rise  in  temperature 
of  the  inner  turns  may  otherwise  become  very  high.  (Art. 
3550.) 

(1666)  Distortion  of  the  field  is  produced,  causing  an 
uneven  distribution  of  the  lines  of  force.  Under  the  lead- 
ing pole  tips  of  a  dynamo  the  density  becomes  less  than 
normal,  and  under  the  following  pole  tips  it  becomes  greater. 
(Art.  3554.) 

(1667)  When  the  back  ampere-turns  are  increased, 
owing  to  the  necessity  of  shifting  the  brushes,  the  cross 
ampere-turns  are  correspondingly  decreased;  so  that,  while 
the  opposition  to  the  field  lines  of  force  is  greater,  the  dis- 
tribution of  the  lines  is  more  uniform.  For  this  reason,  the 
I ommutating  fringe  at  the  leading  pole  tip  is  still  sufficiently 
strong  to  reverse  the  current  effectively,  as  long  as  the  cur- 
rent is  not  excessive.     (Art.  3564.) 

(1668)  {(i)  The  armature  ampere-turns  consist  of  the 
cross  ampere-turns  and  the  back  ampere-turns. 

(/;)  They  are  equal  to  one-half  the  total  number  of  con- 
ductors on  the  surface  of  the  armature  multiplied  by  the 
current  carried  by  each.     (Art.  3569.) 

".  /■.     1  /.     "' 
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(1669)  When  the  air-gap  density  is  about  50,000  lines 
of  force  per  square  inch,  the  length  of  air-gap  may  be  equal 
to  one-half  the  width  of  slot.      (Art.  3588.) 

(1670)  (a)  Yes. 

(d)  A  high  resistance  of  shunt  provides  the  requisite 
number  of  ampere-turns  with  a  low  current  strength,  and 
as  the  heat  loss  is  directly  proportional  to  the  resistance,  but 
proportional  to  the  square  of  the  current,  the  latter  should 
preferably  be  kept  at  a  low  value.  Also,  when  the  shunt 
resistance  is  great,  a  smaller  amount  of  the  total  current  out- 
put of  the  machine  is  used  in  the  field,  leaving  a  larger  pro- 
portion for  the  external  circuit.      (Arts.  3622  and  3623.) 

(1671)  Bipolar  machines  may  be  made  in  sizes  up  to 
about  15  or  20  horsepower.      (Art.  3692.) 

(1672)  In  order  that  the  armature  and  shaft  may  be 
entered  between  the  pole-pieces.      (Art.  3753.) 

(1673)  A  specified  overload  should  be  provided  against, 
as  being  likely  to  occur  frequently.  A  limit  of  15  or  20 
per  cent,  will  usually  be  found  sufficient.      (Art.  35-42.) 

(1674)  From  about  10  per  cent,  for  a  1  K.  W.  machine 
to  about  1.5  per  cent,  for  a  100  K.  W.  machine.  (Art. 
3552.) 

(1675)  {a)  No. 

(/;)  The  cross  ampere-turns  produce  a  different  distribu- 
tion of  lines  of  force  in  the  field,  by  distortion;  but  the  total 
number  of  lines  of  force  is  not  changed.      (Art.  3554.) 

( 1 676)  The  electrical  efficiency  of  a  dynamo  is  obtained 
by  multiplying  100  times  the  E.  M.  F.  at  the  brushes,  in 
volts,  by  the  current  in  amperes  available  for  the  external 
circuit,  and  dividing  the  result  by  the  product  obtained  by 
multiplying  together  the  total  E.  M.  F.,  in  volts,  and  the 
total  current  in  amperes.      (Art.  3668.) 

(1677)  (a)  The  maximum  volume  of  current  which  a 
smooth-core  drum  armature  may  carry  is  equal  to  240  times 


DYNAMO-ELECTRIC  MACHINE  DESIGN.      }:>:) 

the  tiekl  ampere-turns  required  for  the  air-g^aps,  divided  by 
the  angle  embraced  by  one  pole-piece. 

(/-')  For  a  ring  armature,  the  maximum  volume  of  cur- 
rent is  equal  to  ISO  times,  instead  of  240  times,  the  above 
value,     (Arts.  3574  and  3575.) 

(1678)  Smooth-core  armatures  are  especially  suitable 
for  electric-light  dynamos,  as  the  load  conies  on  gradually 
and  the  brushes  may  be  moved  to  the  proper  position  for 
sparkless  running.  When  the  load  fluctuates  considerably 
and  suddenly,  the  brushes  must  be  kept  in  one  position, 
which  is  possible  only  with  a  slotted  armature,  and  this 
style  of  machine  is  therefore  used  for  street-railway  work 
and  for  installations  of  similar  character.      (Art.  3593.) 

(lt>79)  The  values  of  the  ampere-turns  per  magnetic 
circuit  are  found  for  no  load  and  for  full  load,  the  required 
E.  M.  F.  and  speed  being  specified  for  each  case.  The  dif- 
ference between  these  two  values  of  the  ampere-turns  gives 
the  ampere-turns  for  the  series  coils.      (Art.  3642.) 

(1680)  Higher  insulation  is  obtained  by  this  means,  as 
a  larger  surface  of  insulating  material  is  introduced  be- 
tween the  segments  and  the  shell  of  the  commutator. 
(Art.  3718.) 

(1681)  Allow  about  1.11  square  inches  of  surface  per 
watt  lost  in  heating.      (Art,  3546.) 

(1682)  In  the  air-gap,     (Art,  3553.) 

(1683)  {<i)  The  field  would  be  neutralized,  and  the  ex- 
cessive sparking  due  to  this  cause  would  necessitate  reduc- 
tion of  load  or  shutting  down  the  machine.     (Art.  3563.) 

(d)  The  M,  M.  F.  in  the  gap  due  to  the  field  ampere- 
turns  should  be  1^  to  2  times  the  cross  M.  M.  F.  due  to  the 
armature  current.      (Art.  3564.) 

(1684)  From  1,1  to  1.5  or  2  square  inches  of  surface 
sliould  be  allowed  per  watt  expended  in  heating.  (Art. 
3550.) 
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(1685)  It  becomes  difficult  to  regulate  the  E.  M.  F., 
because  there  is  a  wide  variation  in  the  temperature  of  the 
coils,  which  heat  up  continually  after  the  machine  is  started. 
The  consequent  change  in  resistance  causes  the  E.  M.  F,  to 
fall  steadily,  and  a  constant  difference  of  potential  is  ob- 
tained only  after  running  for  some  time.      (Art.  3623.) 

(1686)  Not  more  than  15  or  IG  volts  between  seg- 
ments; but  a  lower  difference  of  potential  is  rather  better. 
(Art.  3723.) 

(1687)  Laminated  pole-pieces  are  used  in  order  to  pre- 
vent the  generation  of  eddy  currents  in  those  parts.  (Art. 
3762.) 

(1688)  The  rise  in  temperature  of  an  armature  is  equal 
to  99  times  the  watts  lost,  divided  by  the  exposed  surface  in 
square  inches  multiplied  by  1  plus  0.00018  times  the  velocity 
in  feet  per  second.     (See  also  Art.  3546.) 

(1689)  At  the  pole  tips,  at  nearly  diametrically  oppo- 
site points.     (Art.  3553.) 

(1690)  A  high  density  is  used  to  counteract  the  effect 
of  self-induction  of  the  armature  coils,  as  there  is  only  a 
slight  change  in  the  total  number  of  lines  of  force  in  the 
core  when  those  due  to  the  armature  current  collapse. 
(Art.  3567.) 

(1691)  {a)  Smooth-core  machines. 

(d)  Because  this  style  of  machine  has  low  self-induction, 
which  is  an  important  requirement  when  heavy  currents 
are  carried.      (Art.  3594.) 

(1692)  In  order  to  make  provision  for  changing  within 
certain  limits  the  amount  of  current  passing  through  the 
series  coils,  and  thereby  regulating  the  amount  of  com- 
pounding.    (Art.  3654.) 

(1693)  It  would  not  be  possible  to  remove  a  brush 
while  the  machine  was  running,  if  there  were  no  other 
brush  provided  to  collect  the  current  in  the  meantime. 
(Art.  3727.) 
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(1694)  {^)  It  is  usually  necessary  to  consider  the  back 
ampere-turns,  (^)  because  a  lead  must  be  given  to  the 
brushes  in  order  to  bring  the  armature  coils  undes  the  pole 
tip  for  commutation  of  the  current.     (Art.  3560.) 

(1695)  (^)  100,000  lines  of  force  per  square  inch,  and 
sometimes  as  high  as  120,000. 

{d)  For  drum  armatures,  85,000  to  90,000  lines  of  force, 
and  for  ring  armatures  100,000  to  110,000  or  more  lines  of 
force,  per  square  inch. 

{c)  Cast-iron  yokes,  about  30,000;  for  cast  steel,  about 
75,000;  and  for  wrought  iron,  about  85,000  lines  of  force 
per  square  inch. 

(</)  Cast  iron,  about  40,000  to  50,000;  and  cast-steel  or 
wrought-iron  forgings,  95,000  to  105,000  lines  of  force  per 
square  inch.     (Arts.  3598  to  3601.) 

(1696)  The  energy  loss,  in  watts,  of  the  shunt  and 
series  windings  of  a  compound  dynamo  should  be  propor- 
tioned to  the  respective  ampere-turns  carried  by  each  coil. 
(Art.  3646.) 

(1697)  A    leakage    coefficient    of    1.25    indicates   that 

-^-—  =  20  per  cent,  of  the  magnetizing  force  is  wasted.     The 

magnetizing  force  is  3  per  cent,  of  the  total  output;  there- 
fore 20  per  cent,  of  3  per  cent.,  or  .G  of  1  per  cent.,  of  the 
total  output  is  lost  in  leakage.     (Art.  3693.) 

(1698)  The  maximum  number  of  ampere-turns  which 
an  armature  may  carry  is  equal  to  the  volume  of  current 
Uowing  through  the  conductors  divided  by  the  number  of 
field-magnet  poles.     (Art.  3579.) 

(1699)  Copper-gauze  brushes  collect  heavy  currents 
with<jut  much  heating  and  interpose  but  little  resistance  in 
the  circuit,  which  is  desirable  in  the  case  of  low-potential 
lighting  dynamos.  Since  the  load  comes  on  gradually,  an 
attendant  is  always  able  to  shift  the  brushes  by  hand  to  the 
point  of  least  sparking.     (Art.  3727.) 
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(1700)  /  =  ^^, 

•$■ 

where  t  =  temperature  rise  of  spool  in  degrees  Fahrenheit; 
w  =  watts  expended  in  coils; 

s  =  surface  of  spools  (wire   only)  in  square   inches. 

(Art.  3550.) 

(1701 )  When  the  air-gap  is  long  as  compared  with  the 
width  of  the  slot,  the  lines  of  force  spread  out,  and  the  den- 
sity at  the  pole  face  becomes  more  uniform  than  Avould  be 
the  case  with  a  shorter  gap.      (Art.  3588.) 

(1702)  When  the  current  and  E.  M.  F.  on  a  character- 
istic curve  are  laid  out  to  the  same  scale  (as  is  usual),  and  a 
line  is  drawn  from  the  origin  to  any  point  on  the  curve,  the 
tangent  of  the  angle  of  slope  will  indicate  the  value  of  the 
external  resistance.  The  current  is  equal  to  the  E.  M.  F. 
divided  by  the  resistance;  the  vertical  dimension  on  the 
curve  sheet  represents  the  E.  M.  F.,  and  the  horizontal 
dimension  represents  the  current.  But  the  former  divided 
by  the  latter  is  equal  to  the  tangent  of  the  angle  of  slope, 
so  that  this  tangent  always  represents  the  value  of  the 
resistance.     (Art.  3660.) 

(1703)  In  the  inverted  bipolar  form  of  dynamo  the 
pole-pieces  approach  close  to  the  iron  bed-plate,  and  the  zinc 
block  is  introduced  in  order  to  preserve  sufficient  distance 
between  to  prevent  undue  leakage.      (Art.  3759.) 

(1704)  (n)  The  back  ampere-turns  must  be  neutralized 

by  an  equal  number  of  ampere-turns  on  the  field-magnets. 

Cr  c 
(/?)  The  back  ampere-turns  are  equal  to  — - — ,  where  C  = 

total  armature  current ;  r  =  angle  of  lead  of  brushes ;  r  =  total 
number  of  conductors.      (Arts.  3560  and  3561.) 

(1705)  Considerable  self-induction  results  at  commu- 
tation on  account  of  the  coils  being  wound  over  iron  teeth, 
and  sparking  results.      (Art.  3593.) 

(1706)  If,  on  the  d3'namo  characteristic,  the  resistance 
of  the  external  circuit  when  laid  out  should  be  of  such  a  value 
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as  to  correspond  with  the  initial  portion  of  the  character- 
istic, this  constitutes  the  critical  resistance  of  the  circuit, 
and  the  instability  of  operation  is  extreme.      (Art.  3661.) 

(1707)  Ring  armatures  possess  greater  self-induction 
than  drum  armatures,  so  that  a  greater  angle  of  lead  is  re- 
quired to  overcome  it,  as  well  as  a  more  powerful  field  for 
reversal.  In  order  to  obtain  this  condition,  the  field  ampere- 
turns  must  be  relatively  stronger  in  the  case  of  a  ring 
armature  than  of  a  drum  armature,  for  the  same  cross 
ampere-turns.      (Art.  3567.) 

(1  708)  The  following  current  densities  per  square  inch 
may  be  used:  (a)  for  copper,  150  amperes;  (fi)  for  brass, 
100  amperes;  (r)  for  carbon,  30  amperes.     (Art.  3727.) 

( 1  7()9)  {^y  and  (d)  The  change  in  magnetic  density  at 
points  close  together  becomes  abrupt,  so  that  if  there  is  any 
uneven  spacing  of  the  conductors,  they  will  be  short-circuited 
at  different  points  relative  to  the  pole-piece,  and  thus  cause 
sparking.     (Art.  3r>65.) 

(1  710)  Due  to  drop  of  potential  through  the  armature, 
and  to  weakening  and  demagnetizing  action  of  the  armature 
current.      (Art.  3662.) 

(1711)  We  may  begin  by  selecting  the  armature  di- 
ameter, and,  if  necessary,  change  the  figure  subsequently. 
We  will  take  a  diameter  of  8  inch'=^s.  Then,  since  the 
peripheral  velocity  is  2, GOO  feet  per  minute,  the  speed  w^ill 

be  I^-tttI  =  1'240  R.  P.  M.     The  density  in  the  air-gap 

may  lu-  about  35,000  lines  of  force  per  square  inch.     In 

iletermining  the  size  of  armature  conductor  we  must  allow 

•  '.(X)  circ.  mils  per  ampere.     5  H.  P.  —  5  X  740  =  3,730  watts. 

•>  '"•If) 
and  ' '      ■  =  ir».22  amperes  output.     The  shunt  current  will 

be  about  .4S  a:ni)ere;  total  armature  current  =  1''..7  am- 
peres.    The  cross-sectional  area  of  the  conductor  is  then 

••,00  X  lfi.7  .  .,       ^. 

; =  5,010 circ.  mils.     No.  i:i  wire  =  ."i,!?.^  (.irc.  mils, 

and  will  therefore  be  suitable. 
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If  we  allow  for  an  air-gap  of  ^  in.  each  side,  the  bore  of 

the  fields  will  be  8^  in.     We   will   suppose  that  each   pole 

face    covers    125°;    then    the    length    of   pole    face    will    be 

8.25X3.1416X125       ^.         ^,    .         ...       ,     .  ,      , 

-— =  9  m.      If  the  width  of   the    pole   face 

dbO 

(length  of  armature)  is  G  inches,  the  area  of  the  pole  face  at 

the  air-gap  will  be  54  sq.  in.     At  35,000  lines  per  square 

inch,  this  will  give  1,890,000  lines  of  force  in  the  air-gap. 

By  modification  of  formula  480  we  have 

_  ^  X  00  X  10'  _     230  X  GO  X  10^    _ 

^  ~  NS  ~  1,890,000  X  1,240  ~" 

By  selecting  32  slots  and  18  conductors  per  slot  we  obtain 
c  =  576.     With  this  number  of  conductors  the  lines  of  force 

N  must  be  ^^^„^  ^T  ^L^  =  1,932,000.     The  density  in  the 
57b  X  l,/i40 

.„    .        ,      1,932,000       o^ivo^i-  .     1 

air-gap  will  then  be  ■ — —  35,780  lines  per  square  inch. 

The  diameter  of  No.  13  wire,  double  cotton  covered,  is 
.081  in.  We  must  allow  for  2  coils  per  slot,  as  this  will  allow 
us  32  bars  in  the  commutator.  Each  coil  will  be  wound, 
then,  in  9  turns,  forming  a  square  in  cross-section,  being 
shaped  to  the  armature,  bound  over  with  tape,  and  shellaced. 
The  thickness  of  the  coil  when  wound  will  be  about  .081  X 
3  +  2  X  .03  =  .303,  allowing  .03  for  tape  each  side  and  for 
irregularities.  If,  then,  we  insert  .04  in.  mica  insulation  on 
each  side  of  the  coil  in  the  slot,  the  width  of  slot  will  be 
.383  in.  Between  two  coils  in  a  slot  we  will  place  a  strip  of 
fiber  .1  in.  thick,  .04  in.  of  mica  at  the  bottom  of  the  slot, 
the  same  above  the  upper  coil,  and  a  piece  of  hard  wood 
.15  in.  thick  over  this.  The  depth  of  the  slot  will  then  be 
2X  .303 +  .1  +  2  X  .04 +  .15  =  .936  in.,  or,  say,  ||  in. 

As  there  are  32  slots  and  2  coils  per  slot,  the  number  of 
winding   spaces    zv  =  64.      By   formula   483,  w  =  2  j  ±  2. 

whence  the  pitch  f  =  — - —  =  31  or  33.     We  will  adopt  the 

smaller  number  31. 
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The  armature  being  8  in.  in  diameter,  the  circumference 

is  25.13  in.,  and  the  pitch  of  the  teeth  is  — ^^— ^  =  .785  in.  at 

the  top.     The  slots  are  ^  in.  deep,  and  the  diameter  at  the 

root  of  the  teeth  is  therefore  8  —  1|-  =  G?^  in.,  which  gives  a 

circumference  of  19.24  in.     The  pitch  at  the  root  of  the 

10  24 
teeth  is,  then,  — ,^-—  =  .001  in.     The  average  pitch  =  (.785  + 

.001)  -^  2  =  .093  in.  The  width  of  slot  =  .383  in. ;  therefore 
the  average  thickness  of  tooth  =  .693  —  .383  =  .31  in. 

The  angle  embraced  by  one  pole-piece  is  125°.  ^f^  X 
32  =  11  teeth  under  the  pole.  The  effective  area  =  11  X 
.31  X  length  of  armature.  The  effective  length  of  the  ar- 
mature is.  88  X  0  =  5.28  in.  Therefore  the  effective  area  of 
teeth  under  the  pole  =  11  X  .31  X  5.28  =  18  square  inches. 

The  density  in  the  teeth  will  be  li^I^i^  ^^  107,300.     The 

leakage  coefficient  is  1.25;  then  the  induction  in  the  mag- 
net core  will  be  1.25  X  1,932,000=  2,415,000  lines  of  force. 
If  we  take  a  diameter  for  the   core  of  5§  in.  corresponding 

to  24.85  sq.  in.  area,  the  density  will  be    '       '  — =  97,250 

24. 85 

lines  per  square  inch. 

The  diameter  of  the  armature  core  at  root  of  the  teeth  is  6| 

in.     Allowing  for  a  shaft  1|  in.  in  diameter,  the  radial  depth 

•    «,  •         .T.,  ,      J       .          •„  ,.        9GG,000 

of  the  core  is  2|  m.     Then  the  density  will  be  — ^r- r-jr-  = 

2.25  X  u.  2o 

Si, 400  lines  per  sq.  in. 

The  current  in  the  armature  at  full  load  is  1G.7  amperes 

10. 7 
and  the  back  ampere-turns  =  (IG  —  11)  X  18  X  —-r-  =  751. 

The  yoke  may  be  cast  iron,  say  10  in.  average  length, 
with  a  density  of  30,000  lines  of  force  per  sq.  in.  For  the 
pole-pieces  we  will  allow  4  inches  each,  or  a  total  of  8  in., 
with  a  density  of  50,000. 

For  the  magnet  cores  we  may  allow  a  length  of  4  inches 
each,  or  8  inches  total.    Then  the  total  ampere-turns  will  be: 
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Length.  Amp. -turns  Ampere- 

■r  Ucnsity.  ^ 

in.  •'  per  In.         turns. 

Air-gap i  35,780  2,800 

Magnet  core 10  97,250  110  1,100 

Cast-iron  yoke,  flanged.  10  30,000  43  430 

Pole-pieces 8  50,000  iO  80 

Armature  core 5  81,400  30  150 

Armature  teeth If  107,300  100  187 

Back  ampere-turns 751 

5,498 
The  total  ampere-turns  we  may  call  5,500. 

The  diameter  inside  of  magnet  spool  =  5|  in.,  and  depth  of 
winding  may  be,  say,  l^in.  The  mean  diameter  will  be  7  inch- 
es, corresponding  to  a  circumference  of  21.99  in.,  or  1.83  feet. 

-o     f          1     arr.0  .1                 f  ^u        ■      •    52X1.83X5,500 
By  formula  5i)Z  the  area  or  the  wire  is — = 

525  circ.  mils.  The  nearest  size  of  wire  is  No.  23,  B.  &  S., 
having  a  cross-sectional  area  of  509.5  circ.  mils.  Winding 
volume  =  4x  1.125  X  2  =  9  sq.  in.  Turns  per  sq.  in.  =  1,307, 
making  a  total  of  11,703  turns.  Total  length  in  feet  = 
1.83x11,703  =  21,520,  and  the  resistance  will  be,  cold,  about 
20.37  X  21.52  =  438  ohms.  Allowing  for  a  temperature  rise 
of  about  40°  F.,  the  resistance,  hot,  will  be  about  477  ohms. 
The  shunt  current  =  |f^=  .483  ampere.    Watts  loss  =  6'ir  = 

.483  X  230  =  in,  and  the  loss  in  the  shunt  =  ^^\^.l^^  = 

2.98  per  cent. 

The  cylindrical  surface  of  the  armature  =  8  X  ~  X  0  = 
150.78  sq.  in.,  and  at  the  ends  about  50  sq.  in.  additional,  for 
radiation  of  heat.  There  are  288  complete  turns  of  wire, 
each  turn  being  about  3  feet  long.  Total  length  =  288  X 
3  =  804  feet. 

No.  13  wire  has  a  resistance  per  1,000  feet  of  2  ohms; 
then  two  lengths  in  parallel,  each  432  ft.,  have  a  resistance  of 
.432  ohm.  Allowing  for  heating  and  effect  of  joints,  we 
may  call  this  resistance. 5  ohm.      The  C"  R  loss  will  then  be 
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1G.7'  X  .5  =  139.45  watts.     The  temperature  rise,  by  formula 

559,  is 

99  X  139.45 ^  13,805  ^  ^.^^  p 

^  "  200.78  X  (1  +  .00018  X  45)  ~  202.4 
Outside    diameter   of   field    spools  =  8|  in.      Length    of 
each  =  4  in.      Total    surface  =  8|  X  "  X  8  =  204   sq.    in. 
Watts  lost  (as  already  found)  =  111.     The  temperature  rise 
oi  the  spools  is,  by  formula  560, 

80X111       ,oo -p 
'  =  —204-  =  ^^    ^- 
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(CONTINUOUS-CURRENT.) 
(QUESTIONS  1712-1747.) 


(1712)  {a)  The  counter  E.  M.  F.  is  the  E.  M.  F.  gen- 

eiated  by  the  armature  conductors  cutting  across  the  mag- 
netic field  when  the  motor  is  in  motion.     (Art.  3782.) 

(d)  The  counter  E.  M.  F.  may  be  calculated  from  the 
expression 

_nCN 
-~     10-    » 

which  in  this  case  gives 

c         1,000  X  400  X  3,000,000       ...       .  . 

E^  = ;r::; 777^ =  200  volts.     Ans. 

60  X  10' 

(Art.  3787.) 

(1713)  A  shunt  motor  runs  at  nearly  constant  speed 
because  the  field  strength  is  nearly  constant,  and  also  because 
the  counter  E.  M.  F.  which  the  machine  has  to  generate 
drops  only  a  slight  amount  when  the  motor  is  loaded. 
(Arts.  3792  and  3793.) 

(1714)  {a)  We  have  the  relation  between  the  line 
E.  M.  F.  and  the  counter  E.  M.  F.  given  in  formula  601. 
Hence  we  have 

220  =  ^,  +  100  X  .05. 
E^  -  215  volts.     Ans.     (Art.  3783.) 
{b)     If  the  armature  were  held  from  turning,  the  counter 
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E.  M.  F.,  i5"„„  would  be  zero,  the  current  would  be  limited 
simply  by  the  armature  resistance,  and  we  would  have 

^      E       220 

6  =  -^  =  — -—-  =  4,500  amperes.     Ans. 
/c„        .05 

(1715)  Series  motors  are  better  adapted  for  street- 
railway  work  because  they  can  be  made  to  give  a  very 
strong  effort  for  short  intervals;  also  because  they  are  less 
expensive  and  their  field  windings  are  less  easily  damaged. 
(Art.  3799.) 

(1716)  {a)  If  the  balance  gives  a  reading  of  10  lb.  at  a 
radius  of  2  feet,  the  useful  torque  is  20  ft. -lb.,  and  the  torque 
acting  on  the  armature  is  this  plus  the  1  ft. -lb.  necessary 
to  make  up  for  friction.  The  total  torque  acting  on  the 
armature  is,  therefore,  21  ft. -lb.  From  formula  605  we 
have 

N  C  C 
r'  =  . 00117  "' 


10*=     ' 

where  N  is  the  magnetic  flux,  C  the  number  of  armature 
conductors,  and  C„^  the  current  flowing  through  the  armature. 

N  X  300  X  25 


Hence  21  =  .00117  X 


10" 


21  V  10' 
°'     ^  =  .00117  X  300  X  25  =  '■^^^'1°"  ""^^'  """--'y-      ^"^- 

{b)  The  total  torque  acting  on  the  armature  is  21  foot- 
pounds, and  since  the  diameter  of  the  armature  is  12  in.,  or 
1  foot,  the  pull  at  the  circumference  of  the  armature  must 
be  42  lb.  This  pull  will  be  exerted  upon  the  conductors 
under  the  poles,  so  that  the  average  pull  for  conductor  will  be 

42 

- — -—  =  .21  lb.     Ans.     (Arts.  3787  and  3788.) 
i  X  300  ^ 

(1717)  (a)  The  commercial  efficiency  is  the  ratio  of 
the  total  useful  power  delivered  at  the  pulley  to  the  total 
power  supplied  from  the  mains. 
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(d)     10  II.  P.  =  T,  I";i>  watts  delivered;  hence,  input  must 

**■  -I  t '  I ) 
be —--  —  —  s.TTi;   watts,   and  the  current  supplied  must  be 
.85 

^—  z=  17.55  amperes.     Ans.      (Art.  3785.) 
500  ^  ^ 

(1718)  (li)  The  speed  decreases  as  the  li^ad  is  increased, 
because  the  ni"t  >r,  being  operated  from  r(>n>iaiu-[M  .tential 
mains,  has  to  generate  a  nearly  constant  E.  M.  F.  As  the 
load  increases  the  field  strength  increases,  hence  the  speed 
must  diminish. 

{d)  It  is  not  safe  to  throw  the  load  entirely  off  the  motor 
because  the  speed  would  become  so  high  that  the  armature 
would  be  liable  to  injury.      (Arts.  3798  and  3799.) 

(1719)  Strengthening  the  field  lowers  the  speed  of  the 
motor,  because  the  stronger  the  field  the  less  the  speed  at 
which  the  armature  has  to  turn  to  generate  the  required 
counter  E.  M.  F.      (Art.  3794.) 

(1720)  The  efficiency  of  conversion  of  a  motor  of  this 

capacity  should  be  about  .904  and  the  electrical  efficiency 

about    .916    (see    Fig.    1428).      The    commercial    efficiency 

would    therefore    be  .904  X  .910  =  .828.      If    the    output  at 

the   pulley  is  20  X  Tlf!  =  14,'.»-*0   watts,   the   input   must   be 

14  9'*0 

— ^-^-^  =  18,020  watts,  nearly.     The  total  current  input  will 
.828 

^    18,020         ,  ,  ov    r^-u- 

thenbe— ;^^— —  =  >^l.'.tamperes;  3^oi  thiscurrent.  .;np., 

will    lli'W    through    the   tirKl,   so   that    tlie   armature   should 

be   designed    to   carry  about    si  .'.i    -■.'.}•;  =  79.44  amperes. 

The  efficiency  of  conversion  is  .'.mu  ;  lu-ncc,  the  total  electri- 

•     14,920       ,,.  ^  _ 
cal  energy  active  in  the  armature  is  —  =  10,500  watts. 

nearly.       The   current    flowing    through    the    armature    it. 
79.44    amperes;     hence,  the    counter     K.    M.   1\     must    be 

16,500  ,  ,  ,  ,Tr  t  , 

—4—--- =  •>(!>    volts,    nearly.      We    must    then    dcsii;!!    as  a 
79.44  ^ 

dynamo    a    niai  hiiic    (-apable   of    generating   208  volts  at  a 
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speed  of  800  R.  P.  M.,  and  have  a  current-carrying  capacity 
of  79.44  amperes  in  the  armature  and  2.40  amperes  in  the 
field.     Ans. 

(1721)  («)  One  method  for  regulating  the  speed  is  the 
cutting  down  of  the  E.  M.  F.  across  the  armature  terminals 
by  the  insertion  of  a  resistance  in  the  armature  circuit. 
Another  method  is  by  strengthening  or  weakening  the  field 
by  means  of  a  field  rheostat. 

{b)  The  latter  method  is  the  more  economical.  (Arts. 
3794  and  3795.) 

(1722)  {a)  A  resistance  is  necessary  at  starting  because 
the  counter  E.  M.  F.  is  then  zero;  and  since  the  armature 
resistance  is  very  low,  a  very  large  current  would  flow  if 
the  armature  were  connected  directly  across  the  mains. 

{b)  A  burned-out  armature  would  result,  unless  the  cir- 
cuit was  at  once  broken  by  some  safety  device,  such  as 
fuses  or  a  circuit-breaker;  in  any  event,  the  commutator 
is  quite  liable  to  be  burned.     (Art.  3805.) 

(1723)  {(i)  The  total  torque  T'  can  at  once  be  calcu- 
lated from  formula  605 : 

T'-  00117^^^--  oon7vM^^i^l22A^2^A^- 

y     _.UUii^___^       -.UUIi^X  1,000,000 

29.25  foot-pounds.     Ans. 

{b)     If  the  diameter  of  the  armature  is  9  in.,  the  radius  is 

f  ft.     Consequently  the   pull   at   the   circumference  of    the 

29  25  X  8 
armature  must  be  -^ — =  78  pounds;  GO^  of  the  con- 

o 

ductors  are  under  the  poles,  so  that  the  pull  per  conductor 

78 
must  be  -777-^^^77-  =  .20  lb.     (Art.  3787.) 
.00  X  500  ^  ' 

(1 724)  {a)  The  connection  from  field  terminal  2  to  the 
line  is  wrong.  This  connection  should  be  made  to  the  line 
on  the  switch  side  of  the  rheostat,  as  shown  in  Fig.  1422. 

{b)  If  the  connections  were  as  shown  and  the  main  switch 
thrown,  the  field  would  not  be  excited,   because  no  connec- 
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tion  would  be  made  to  the  field  until  the  rheostat  arm  was 
moved  from  the  dead  point  to  the  first  resistance  point. 
Current  would  then  flow  through  both  armature  and  field, 
but  the  magnets  would  be  but  very  slightly  energized,  so 
that  very  little  starting  torque  would  be  produced.  There 
would  be  no  danger  of  short  circuit,  as  the  rheostat  is  prop- 
erly connected  in  series  with  the  armature. 

(1725)  (a)  The  efficiency  of  conversion  of  a  motor  is 
the  ratio  of  the  total  energy  delivered  at  the  pulley  to  the 
active  electrical  energy  in  the  armature;  i.  e.,  to  the  arma- 
ture current  multiplied  by  the  counter  E.  M.  F.  The 
greater  the  core  losses  and  friction  losses,  the  lower  will  be 
the  efficiency  of  conversion. 

{If)  The  total  energy  active  in  the  armature  is  100  x  10  = 
1,000  watts.  Total  energy  delivered  is  1  H.  P.  =  746  watts. 
Efficiency  of  conversion  =  -jVjjtV  =  .746,  or  74. 6j^. 

(Art.  3785.) 

( 1 726)  The  speed  of  a  series  motor  may  be  regulated  by 
the  same  methods  already  given  for  a  shunt  motor,  namely, 
by  cutting  down  the  applied  E.  M.  F.  by  means  of  a  resist- 
ance in  series  with  the  motor,  or  by  varying  the  field 
strength.  The  field  strength,  in  the  case  of  a  series  motor, 
may  be  varied  by  cutting  in  or  out  a  number  of  the  field 
turns  or  by  shunting  a  portion  of  the  current  around  the 
field.     (Art.  38()0.) 

(1  727)  By  reversing  the  direction  of  the  current  either 
through  the  armature  or  through  the  field.  Care  must  be 
taken  not  to  reverse  both  when  changing  the  connections, 
otherwise  the  direction  of  rotation  will  remain  unaltered. 
(Arts.  3813  and  3814.) 

(1728)  A  motor  may  be  made  to  give  constant  speed 
regulation  by  providing  the  field  with  a  number  of  series 
turns  which  are  connected  so  as  to  oppose  the  shunt  turns. 
This  secures  constant  speed,  because  the  field  is  weakened 
slightly  as  the  load  is  applied,  thus  making  the  armature 
if.  E.     VI.— SO 
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keep  up  its  speed  instead  of  falling  off  in  proportion   to  the 
lowering  of  the  counter  E.  M.  F.     (Art.  3804.) 

(1729)  (a)  The  cross-magnetization  distorts  the  field, 
shifting  it  backwards  as  regards  the  direction  of  rotation. 
(See  Fig.  1412.) 

(d)  The  shifting  of  the  field  has  a  tendency  to  move  the 
non-sparking  point  of  the  brushes  backwards  instead  of  for- 
wards, as  in  the  case  of  a  dynamo.      (Art.  3789.) 

(1730)  (a)  The  armature  back  ampere-turns  tend  to 
demagnetize  the  field,  as  shown  in  Fig.  1413. 

[d)  In  order  to  keep  the  speed  constant,  the  field  must  be 
weakened  slightly  as  the  load  is  increased.  The  back 
ampere-turns  help  to  bring  about  the  necessary  reduction 
in  field  strength,  and  consequently  aid  in  keeping  the  speed 
constant.      (Art.  3790.) 

(1731)  By   referring   to   Fig.  1428,  we    find   that    the 

electrical  efficiency  of  a  30  H.  P.  motor  should  be  about  .925, 

and  the  efficiency  of  conversion  about  .92.     The  commercial 

efBciency  will  therefore  be  about .  92  X  .  925  =  .  851.    The  total 

30  X  740 

input  at  full  load  will  therefore  be — — — =  26,300  watts, 

.8ol 

nearly.   The  total  current  input  will  be  — rpr^  =  52.  G  amperes. 

Since    the    field    and    armature    are    connected    in    series, 
both    must    be    designed    for    52.6    amperes.       The    total 

electrical    energy    active    in    the    armature    is   — —  = 

24,326  watts.      The  E.  M.  F.  which  the  armature  must  gen- 

erate  at  full  load  must  then  be  ~,''  ^     =  462.5  volts,  nearly. 

o2.6 

The  37.5  volts  difference  between  this  E.  M.  F.  and  that  of 

the  mains  represents  the  drop  through  the  series  field  and 

the  armature.       The    dynamo    must    then  have  a  current 

output   of    52.6    amperes   and    generate    462.5    volts   when 

running  at  a  speed  of  800  R.  P.  M.     (Arts.   3817  and 

3818.) 
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(1732)  Cast  steel  is  used  on  account  of  its  good  mag- 
netic qualities  and  mechanical  strength.  These  qualities 
enable  a  motor  to  be  made  light  compared  with  its  output, 
which  is  an  important  consideration  in  street-railway  work. 
(Art.  3830.) 

(1733)  {a)  If  no  regulating  device  were  used,  the  torque 
acting  on  the  armature  would  be  the  same  for  all  loads, 
because  the  current  is  automatically  kept  constant  by  the 
dynamo.  The  result  is  that  the  motor  slows  down  when 
loaded  and  races  if  the  load  is  thrown  off. 

(d)  The  voltage  across  the  terminals  rises  as  the  load  is 
increased.  As  the  output  increases  the  input  must  also 
increase,  and  since  the  current  is  constant,  it  follows  that 
the  potential  across  the  terminals  must  increase.  (Arts. 
3802  and  3803.) 

( 1 734)  Railway  motors  are  usually  of  the  four-pole  type, 
and  by.  using  a  two-circuit  winding  two  brushes  only  are 
needed.  This  does  away  with  the  necessity  of  having  two 
brushes  on  the  under  side  of  the  commutator,  where  they 
would  be  hard  to  get  at.  Two-circuit  windings  do  not 
become  unbalanced  electrically  like  multiple-circuit  wind- 
ings in  case  the  field  should  become  stronger  on  one  side 
than  the  other,  due  to  the  air-gap  becoming  shorter  on  that 
side.     (Art.  3833.) 

(1736)  By  reversing  the  connections  between  the 
armature  and  field  so  as  to  reverse  the  direction  of  the  cur- 
rent through  either  the  armature  or  field,  but  not  through 
both.  Reversing  the  line  connections  would  not  reverse 
the  direction  of  rotation.     (Art.  3816.) 

( 1 736)  To  keep  down  the  bad  effects  of  armature  reac- 
tion and  make  the  motor  give  good  speed  regulation.  If 
the  field  is  very  strong  compared  with  the  armature,  the 
shifting  of  the  brushes  from  no  load  to  full  load  will  be  very 
slight,  and  if  fairly  thick  carbon  brushes  are  used,  the  motor 
may  be  operated  at  all  loads,  with  its  brushes  fixed  in  posi- 
tion and  without  sparking.     (Art.  3789.) 
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(1737)  This  will  be  seen  by  referring  to  Fig.  1410.  As 
the  conductor  moves  down  in  the  direction  of  the  arrow,  it  is 
readily  seen  that  the  E.  M.F.  induced  in  it  must  be  directed 
up  through  the  paper.  The  current  zvhich  is  causing  the 
wire  to  move  is  flowing  down  through  the  paper  ;  in  other 
words,  the  E.  M.  F.  is  opposed  to  the  current.     (Art.  3782.) 

(1738)  If  the  field  circuit  were  broken  while  the  motor 
was  running,  the  counter  E.  M.  F.  would  at  once  become 
nearly  zero,  and  a  very  large  current  would  flow  through 
the  armature,  the  effect  being  much  the  same  as  if  the 
armature  v/ere  thrown  across  the  mains  without  any  resist- 
ance at  starting.  If  the  field  circuit  were  broken  in  this 
way,  the  armature  would  be  burned  out  unless  protected  by 
fuses,  and  in  any  event  it  is  probable  that  the  commutator 
would  be  more  or  less  burned.     (Art.   3795.) 

(1739)  Because  when  run  as  motors  these  machines 
have  their  fields  excited  from  the  mains,  and  their  field 
magnetization  is  therefore  practically  constant,  no  matter 
what  the  load  may  be.  When  they  are  run  as  dynamos, 
they  excite  their  own  fields,  and  every  falling  off  in  voltage 
generated  causes  a  corresponding  falling  off  in  the  field  exci- 
tation, thus  causing  poor  regulation  for  constant  potential. 
(Art.   3816.) 

(1740)  In  order  to  secure  a  good  starting  effort.  If 
the  current  is  supplied  to  both  at  the  same  instant,  a  large 
current  will  flow  through  the  armature  and  only  a  very 
small  current  through  the  high-resistance  field,  the  con- 
sequence being  that  there  is  no  field  present  for  the  armature 
current  to  react  on  and  the  starting  torque  is  very  small. 
(Art.  3807.) 

(1741)  By  short-circuiting  it.  Breaking  the  circuit 
would  cut  off  the  current  from  the  whole  circuit,  and 
besides  would  be  a  dangerous  operation  with  such  high-tension 
dynamos  as  are  used  to  operate  arc  circuits.     (Art.  381 1.) 

( 1 742)  Because  starting  rheostats  are  designed  to  carry 
the  current  only  for  a  short  time,  and  if  the  current  is  allowed 
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to  flow  through  them  continuously  they  will  be  burned  out. 
(Art.  3806.) 

(1743)  (a)  The  electrical  efficiency  of  a  motor  is  the 
ratio  of  the  total  electrical  power  developed  in  the  armature 
to  the  total  electrical  power  supplied  from  the  mains. 

(d)  If  the  armature  resistance  is  high,  the  loss  in  the 
armature  will  be  large  and  the  electrical  efficiency  correspond- 
ingly low.  A  high-resistance  armature  causes  bad  speed 
regulation,  as  the  higher  the  armature  resistance  the 
more  the  counter  E.  M.  F.  and  speed  must  drop  when 
the  motor  is  loaded.      (Art.    3785.) 

(1744)  The  commercial  efficiency  is  equal  to  the  prod- 
uct of  the  electrical  efficiency  and  the  efficiency  of  conver- 
sion ;  hence,  if  the  electrical  efficiency  is  .90  and  the 
efficiency  of  conversion  .85,  the  commercial  efficiency  must 
be  .765,  or  76.5^.     (Art.   3785.) 

(1745)  (^2')  The  torque  is  the  turning  moment  or 
twisting  effort  exerted  on  the  armature  by  the  reaction  of 
the  current  in  the  armature  conductors  on  the  field. 

{d)  This  is  shown  by  formula  605.  The  field  exci- 
tation A^  is  independent  of  the  speed;  hence,  for  a  given 
current  C„,  the  torque  is  given  by  formula  605,  and  the 
speed  does  not  enter  into  the  equation.      (Art.   3787.) 

(1746)  (a)  The  principal  sources  of  loss  are  the  same 
as  those  in  a  dynamo;  namely,  C^R  losses  in  field  and 
armature,  hysteresis  and  eddy-current  losses  in  the  arma- 
ture core,  and  frictional  losses. 

(d)  The  output  is  limited  by  the  same  factors  which 
limit  the  output  of  a  dynamo,  the  heating  effect  in  the  arma- 
ture being  the  principal  limiting  factor. 

(1747)  If  the  motor  were  short-circuited  after  being 
disconnected  from  the  mains,  it  would  be  brought  to  a  sud- 
den standstill,  because  it  would  act  as  a  dynamo  aiul  send 
current  through  the  switili  B.  The  energ  up  by 
the  momentum  of  the  armature  would  be  rapidly  used  up, 
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and  the  machine  would  soon  stop.  It  will  easily  be  seen 
that  the  motor  will  act  as  a  dynamo  if  it  is  remembered  that 
all  the  time  the  motor  is  working,  its  E.  M.  F.  is  opposed 
to  that  of  the  mains  or  trying  to  send  a  current  opposite  to 
that  from  the  mains.  The  result  is  that  as  soon  as  the  main 
E.  M.  F.  is  removed  and  the  switch  B  closed,  the  motor 
E.  M.  F.  is  able  to  set  up  a  current,  thus  making  the  motor 
act  as  a  dynamo. 


THEORY  OF  ALTERNATING- 
CURRENT  APPARATUS. 

(QUESTIONS  1748-1840.) 


(1748)  {a)  The  essential  difference  between  an  alter- 
nating current  and  a  direct  current  is  that  the  former  is 
constantly  reversing  the  direction  of  its  flow,  whereas  the 
latter  flows  uniformly  in  the  same  direction.  The  alterna- 
ting current  passes  through  a  number  of  positive  and  nega- 
tive values  during  each  complete  cycle,  and  this  process  is 
repeated  over  and  over.     (Arts.  3838  to  3840.) 

(3)  The  frequency  is  the  number  of  complete  cycles  which 
the  current  passes  through  in  1  second.     (Art.  3842.) 

(1749)  (a)  Two  alternating  currents  differ  in  phase,  or 
are  out  of  phase,  when  both  do  not  pass  through  similar 
values  at  the  same  instant.  If,  for  instance,  one  current 
did  not  rise  to  its  maximum  value  till,  say,  a  fraction  of  a 
second  after  the  other  had  reached  its  maximum,  the  two 
currents  would  be  out  of  phase.     (Art.  3854.) 

{d)  Two  currents  are  in  quadrature  when  one  lags  behind 
the  other  by  just  ^  of  a  period;  that  is,  when  one  current  is 
at  its  maximum  value,  the  other  is  just  passing  through  zero. 
In  this  case  the  angle  of  lag  is  90°.     (Art.  3860.) 

(c)  When  two  currents  are  in  opposition  they  are  directly 
opposed  to  each  other ;  i.e.,  when  one  is  at  a  positive  max- 
imum, the  other  is  at  a  negative  maximum.  It  follows, 
therefore,  that  when  two  currents  are  in  opposition,  the 
angle  of  phase  difference  must  be  180°.     (Art.  3860.) 

(1750)  {a)  The  inductance  of  a  coil  or  circuit  is  that 
quantity  which  multiplied  by  the  current  and  10*  and  divided 
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by  the  number  of  turns  in  the  circuit  will  give  the  total 
number  of  magnetic  lines  threading  the  circuit  when  the 
given  current  is  flowing.  The  inductance  /,,  or  coefficient 
of  self-induction,  is  a  measure  of  the  ability  which  a  coil  has 
of  setting  up  lines  through  itself  and,  hence,  of  the  ability 
of  the  coil  to  produce  a  counter  E.  M.  F.  of  self-induction. 
(d)  Anything  which  makes  it  easier  for  a  coil  to  set  up 
lines  around  itself  increases  the  inductance  L.  Surrounding 
a  coil  with  iron  provides  a  very  good  path  for  the  magnetic 
lines,  hence  the  number  of  lines  which  the  coil  sets  up  is 
greatly  increased,  thus  making  L  large.  (Arts.  3874  to 
3876.) 

(1751)  («)  A  transformer  is  a  device  for  changing  an 
alternating  current  at  one  voltage  to  a  current  at  another 
voltage.  They  are  used  extensively  in  connection  with 
lighting  and  power  transmission  plants  for  transforming 
down  from  high  voltages  used  on  the  line.  They  are  also 
used  in  connection  with  some  power  plants  for  increasing 
the  pressure  supplied  by  the  alternators  to  that  desired  for 
transmission.      (Art.  4000.) 

{d)  No ;  a  transformer  can  not  be  used  in  a  direct-current 
circuit.  The  E.  M.  F.  induced  in  the  secondary  of  a  trans- 
former is  produced  by  the  alternating  magnetic  flux  which 
passes  through  it.  In  order  to  produce  an  alternating  mag- 
netic flux  it  is  necessary  to  have  an  alternating  current  in 
the  primary,  consequently  an  ordinary  static  transformer 
would  not  operate  on  a  direct-current  circuit. 

(c)  A  transformer  always  consists  of  three  essential 
parts,  primary  coil,  secondary  coil,  and  laminated  iron  core, 
the  arrangement  of  these  parts  being  shown  in  Figs.  1548  to 
1551.     (Art.  4019.) 

(1752)  A  three-phase  alternating-current  system  is 
one  in  which  three  alternating  currents  are  employed  which 
differ  in  phase  by  -J  of  a  complete  period,  or  120°.  A  three- 
phase  circuit  is  simply  three  single-phase  circuits,  the  cur- 
rents in  which  differ  in  phase  as  described.     (Art.  3862.) 
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(1753)  {a)  A  rotary  transformer  is  a  machine  for 
changing  alternating  current  to  direct  or  the  reverse. 

{d)  The  principle  of  such  machines  is  explained  in 
Arts.  4050  and  4051,  and  the  connections  for  a  two-pole 
two-phase  machine  would  be  as  shown  in  Fig.  1577. 

(1  754)  Xo.  In  a  single-phase  rotary  transformer  with 
a  single  armature  winding,  the  ratio  of  transformation  is 
fixed,  the  relation  being 

where  Uis  the  direct-current  voltage  and  £  the  alternating 

—  »  50 

voltage.      liJ£  were  50  volts,  J' would  be ---— =  70.7   volts 
*^  .707 

instead  of  100.      (Art.  4051.) 

(1755)  (<z)  By  the  capacity  of  a  line  or  circuit  is  meant 
that  property  which  enables  it  to  hold  a  certain  charge  or 
quantity  of  electricity.     (See  Art.  3894.) 

(d)  The  unit  of  capacity  is  the  farad,  and  it  may  be 
defined  as  that  capacity  which  will  take  up  a  charge  of 
1  coulomb  (1  ampere  for  1  second)  with  a  rise  of  pressure  of 
1  volt.  (Art.  3899.)  The  microfarad  is  the  unit  usually 
employed  for  expressing  capacities. 

(c)  If  the  two  capacities  are  connected  in  parallel,  the 
combined  capacity  is  simply  the  sum  of  the  two,  or  30  micro- 
farads.    (Art.  3896.) 

(1756)  Since  the  alternator  h;  es,  the  angular 
distance  from  the  center  of  one  pole-piccc  to  the  center  of 

the  next  will  be  — -— -  =  30°.     The  distance  from  the  center 

of  one  pole  to  the  center  of  the  next  of  the  same  polarity 
corresponds  to  360°,  and  since  the  coils  are  to  be  displaced 
120°,  the  actual  angular  displacement  will  be  one-third  of 
the  angular  distance  between  the  centers  of  two  poles  of  the 
same  polarity  The  nAU  must  then  be  displaced  ^  X  30  X  2 
or  20°,  since  is  the  distance  from  the  center  of 

one  pole  to  the  ccatcr  of  the  next  of  the  same  polarity. 
(Art.  3950.) 
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(1757)  (a)  The  reactance  oi  a  circuit  is  that  quantity 
which  multiplied  by  the  current  gives  the  E.  M.  F.  neces- 
sary to  overcome  the  inductance  of  the  circuit.  The  react- 
ance is  equal  to  2  tt  n  /,,  where  n  is  the  frequency  and  L  the 
inductance. 

(d)  Yes;  the  reactance  changes  with  the  frequency,  and 
the  E.  M.  F.  of  self-induction  will  be  greater  the  higher  the 
frequency. 

(c)  Reactance  is  a  quantity  of  the  same  nature  as  resist- 
ance and  is  expressed  in  o/nns.      (Arts.  3884  and  3885.) 

(1758)  In  a  balanced  three-phase  system,  the  voltage 
between  each  of  the  three  pairs  of  lines  should  be  the  same. 
If,  however,  the  circuits  become  unevenly  loaded,  the  three 
pressures  might  vary. 

(1759)  The  transformer  should  be  connected  as  shown 
in  Fig.  lOG. 
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Since  the  primary  coils  are  wound  for  1,000  volts  and  are 
to  be  connected  across  1,000-volt  mains,  they  must  be  con- 
nected in  parallel,  A  to  A'  and  B  to  B'.  The  secondaries 
each  furnish  50  volts,  so  that  if  100-volt  lamps  are  to  be 
operated,  the  two  secondary  coils  must  be  connected  in 
series.  Therefore,  a  is  connected  to  the  line,  b  is  connected 
to  A\  and  the  other  terminal  b'  is  carried  to  the  other  line. 

(1760)  {a)  The  itnpcdance  oi  a  circuit  may  be  defined 
as  that  quantity  which  multiplied  by  the  current  C  gives 
the   impressed    E.   M.  F.    necessary    to    maintain    the    cur- 
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rent  in  the  circuit.  The  impedance  is  always  equal  to 
^/resistance"  +  reactance'.  In  other  words,  the  impedance 
is  the  apparent  resistance  which  the  circuit  offers  to  the 
flow  of  the  current.     (Arts.  3889  and  3890.) 

{b)     Ohm's  law  for  alternating-current  circuits  takes  the 

form: 

^  electromotive    force  ,  .    ^    oor\^   \ 

Current  = -. -, .  (Art.  3891.) 

impedance 

(1761)  The  resistance  of  the  circuit  is  negligible, 
hence  all  the  pressure  supplied  must  be  used  up  in  over- 
coming the  reactance.  The  reactance  is  equal  to  2  -  //  Z,  = 
2  X  3.14  X  60  X  .5  =  188.4  ohms,  and  the  E.  M.  F.  necessary 
to  overcome  the  reactance  is  equal  to  the  product  of  the 
reactance  and  the  current.  The  E.  M.  F.  E,  therefore, 
which  must  be  supplied  by  the  alternator  is 

E-1r.nLC=  188.4  X  5  =  942.0  volts.  (Art.  3886.) 

(1762)  {a)  In  the  Y  winding,  one  end  of  each  of  the 
windings  is  brought  to  a  common  connection,  and  the  other 
ends  are  carried  to  the  three  collector  rings.  In  the  A 
method,  the  three  windings  are  connected  up  into  a  closed 
circuit  and  the  collector  rings  are  attached  to  the  points 
where  the  different  phases  join.     (Arts.  3986  and  3987.) 

{b)  No;  the  output  is  not  affected  by  changing  from  one 
scheme  of  connection  to  the  other,  because  if  the  current 
output  is  increased  by  changing  from  Y  to  A,  the  voltage  is 
decreased  in  the  same  ratio,  and,  hence,  the  watts  output  is 
not  altered.     (Art.  3995.) 

(1763)  {a)  Theeffective  value  of  an  alternating  current 
is  the  expression  for  that  value  of  the  current  which  would 
produce  the  same  power  or  heating  effect  in  a  circuit  as  a 
continuous  current  of  the  same  amount.     (Art.  3866.) 

{b)  The  effective  value  is  equal  to  .707  times  the  ma.xi- 
mum  value,  or  is  equal  to  the  maximum  value  divided  by 
V^2;  hence,  if  150  amperes  is  the  maximum  which  the  cur- 
rent reaches,  the  effective  value  of  the  same  current  would 
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150 
be  -—  =  106  amperes.      It  follows,  therefore,  that  if  a  con- 

tinuous  current  of  106  amperes  were  sent  through  the 
resistance,  the  same  amount  of  heat  would  be  produced  as 
by  an  alternating  current  having  a  maximum  value  of 
150  amperes.     (Art.  3867.) 

(1764)  Each  transformer  has  400  turns  on  its  primary 
and  50  on  its  secondary,  therefore  the  ratio  of  transforma- 
tion is  8.  Since  the  coils  are  connected  up  A  to  the  pri- 
mary, the  pressure  across  each  primary  coil  must  be  1,000 
volts;  consequently,  the  pressure  induced  in  each  secondary 
will  be  J-O^  =  125  volts.  In  other  words,  the  voltage  per 
phase  in  the  secondary  is  125,  and  since  the  three  phases  are 
connected  up  Y,  the  voltage  between  the  secondary  lines 
will  be  125  X  |/3  =  125  X  1.732  =  216.5  volts.     Ans. 

(Art.  4026.) 

(1765)  (a)  The  efficiency  of  a  transformer  is  the  ratio 
of  the   useful  watts   obtained    from    the    secondary  to  the 

watts  supplied  to  the  primary;  or,  efficiency  =  -^ — - — .     The 

efficiency  is  always  less  than  1. 

{d)     2.2  H.  P.  =  2.2  X  746  =  1,641  watts  =  useful  output. 

Input  =  1,800  watts;  hence,  efficiency  = =  .912,  or  the 

'  '  ^       1,800 

transformer  gives  out  91.2^  of   the  energy  supplied  to  it. 

(Art.  4000.) 

(1766)  In  order  to  induce  an  E.  M.  F.  such  as  that  in 
the  secondary  of  a  transformer,  all  that  it  is  necessary  to 
have  is  a  coil  so  arranged  as  to  thread  a  varying  magnetic 
flux.  If  the  flux  were  fixed,  as  it  is  in  dynamos,  it  would  be 
necessary  to  move  the  coils  in  order  to  set  up  an  E.  M.  F. 
In  a  transformer,  however,  the  flux  is  made  to  vary  by  the 
alternating  current  in  the  primary,  hence  it  is  not  necessary 
to  move  the  secondary  in  order  to  make  it  cut  lines  of  force. 
In  other  words,  the  magnetic  flux  is  constantly  changing, 
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and  for  this  reason  it  is  not  necessary  that  any  of  the  trans- 
former coils  should  move. 

(1767)  {'i)  If  an  alternating-current  circuit  contains 
inductance,  the  current  flowing  will  not  vary,  or  rise  up  and 
down,  in  unison  with  the  E.  M.  P.,  but  will  lag  behind  by  a 
certain  fraction  of  a  period.  The  part  of  a  complete  cycle 
by  which  the  current  lags  is  usually  denoted  by  an  angle 
which  represents  the  amount  of  lag.  For  example,  one 
complete  cycle  is  equivalent  to  3G0°;  hence,  if  the  angle  of 
lag  were  said  to  be  90°,  it  would  mean  that  the  current  came 
to  its  maximum  just  ^  of  a  period  behind  the  E.  M.  F.  If 
the  angle  of  lag  were  G0°,  the  current  would  be  behind  the 
E.  M.  F.  by  -1-  of   a  period.     (Arts.  3854  and  3855.) 

.  (/;)  The  angle  of  lag  may  be  obtained  from  the  expression 

tan  <I>  =  —        . 
A 

as  ex{)lained  in  Art.  3892,  so  that  if  the  frequency,  induct- 
ance, and  resistance  for  any  given  circuit  are  known,  the 
angle  of  lag  can  at  once  be  estimated.  No  commercial 
instrument  has  yet  been  made  which  will  measure  the  angle 
of  lag,  so  it  always  has  to  be  calculated. 

(1768)  {(i)  If  the  frequency  is  I'.oan.d  the  inductance 
is  .2  henry,  the  reactance  —  2  -  n  L  —  •>,  ^  :!.  1  4  X  GO  X  .2  = 
75.36  ohms. 

The  resistance  =  12  ohms  :   hence. 


impedance  =  /i^' -f-  (2  jt  n  Ly  =  ^lU  -f  5,679        ;  hms. 

^  ^         E.  M.  F.         500 

Current  =  ; -. =  -; — -  =  r,..>.,  amperes.     Ans. 

impedance       .'>.:) 

(d)     Tangent  of  angle  of  lag  =  ^^-^ — . 

Tan  <P  =  ^  =  t;.-.>S  and  '/'  r^  si;    ;.;  .      Ans. 

(1769)      {(i)   If  the   resistaner    had    been    negljoihle,   we 
would  have 
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E.  M.  F.  500 

current  =    ,^  ,    .^ r^  or  current  =  -r—-^,  =  6. 63  amperes 

^  Ans 

/M     T>       ^       2-«Z        75.3 

(^)     Tan  ^  =       ^       =  -Q-  =  oo; 

hence,  ^  =  angle  of  lag  =  90°.     Ans. 

In  this  problem  and  the  preceding  one  the  reactance  is 
large  compared  with  the  resistance;  hence,  removing  the 
resistance  does  not  affect  the  value  of  the  current  very 
much. 

(1770)  {a)  An  alternator  may  be  compounded  by  wind- 
ing the  field  spools  with  a  second  set  of  coils  which  are  con- 
nected in  series  with  the  line.  The  current  in  these  coils 
therefore  increases  with  the  load  and  thus  strengthens  the 
field-magnets.  The  initial  magnetization  is  supplied  by 
means  of  a  set  of  coils  excited  from  a  separate  direct-current 
dynamo.      (Art.  3966.) 

{b)  The  use  and  action  of  the  rectifier  is  explained  in 
Art.  3968.  Its  action  is  to  keep  changing  the  connections 
between  the  compound  field  winding  and  the  circuit  so  that 
the  current  in  the  field  coils  will  always  be  in  the  same 
direction. 

(c)  The  number  of  sections  in  the  rectifier  must  be  the 
same  as  the  number  of  poles  on  the  alternator. 

(1771)  (rt)  A  non-inductive  resistance  is  one  which  is 
incapable  of  setting  up  lines  of  force  around  itself,  and  hence 
has  no  inductance. 

{b)  No;  the  current  is  in  phase  with  the  E.  M.  F.  when 
flowing  in  a  non-inductive  resistance.  A  non-inductive 
resistance  simply  retards  the  flow  of  the  current  in  the  same 
way  that  a  resistance  prevents  the  flow  of  a  continuous 
current.  If  the  resistance  has  no  self-induction,  there  can 
be  no  induced  E.  M.  F.  set  up  to  prevent  the  current  rising 
and  falling  in  step  with  the  E.  M.  F.  ;  hence,  in  such  a  resist- 
ance the  current  does  not  lag  behind  the  E.  M.  F. 
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{c)  Water  resistances  and  incandescent  lamps  are  prac- 
tically non-inductive.      (Art.  3872.) 

(1772)  (a)  Iron  cores  are  always  used  in  transformers 
to  provide  a  path  of  low  magnetic  resistance  for  the  lines 
threading  the  primary  and  secondary  coils. 

{d)  If  no  core  were  used,  the  lines  would  have  to  be  set 
up  through  the  air,  which  offers  a  high  resistance  to  the 
flow  of  the  lines;  consequently  it  would  require  a  very  large 
magnetizing  current  to  set  up  the  flux.  The  magnetizing 
current  would,  therefore,  be  enormously  increased  by 
removing  the  core  and  the  transformer  would  be  practically 
inoperative.     (Art.  4003.) 

(1 773)  Every  time  the  armature  of  an  alternator  turns 
through  an  angle  equal  to  that  from  one  pole  to  the  next  of 
the  same  polarity,  the  E.  M.  F.  passes  through  one  complete 
cycle.  Hence,  in  one  revolution  the  E.  M.  F.  will  pass 
through  as  many  cycles  as  there  are  pairs  of  poles,  and  if 
s  =  rev.  per  second  and  P=  number  of  poles,  we  have 

P 
frequency  =  -^s.      (Art.  3950.) 

(1774)  The  current  coil  of  a  wattmeter  is  of  very  low 
resistance,  and  if  connected  across  the  mains  instead  of  in 
series  with  them,  a  very  large  current  would  result,  which 
would  be  almost  certain  to  burn  out  the  instrument  unless 
protected  by  fuses.     (Art.  3945.) 

(1775)  In  such  a  winding  the  E.  M.  F. 's  induced  in 
the  coils  under  the  A'' poles  will  be  opposite  in  direction  to 
the  E.  M.  F.'s  in  thecoilsunder  the  5poles.  In  order,  then, 
that  the  E.  M.  F.'s  may  add  up  properly,  the  connections  of 
every  other  coil  must  be  reversed,  as  shown  in  Figs.  1512 
and  1513.  The  student  should  read  Art.  3954  in  con- 
nection with  this  question.  Fig.  1513  is  the  winding  diagram 
for  an  armature  of  this  type,  and  by  following  the  arrow- 
heads it  will  easily  be  seen  that  the  connections  of  every 
other  coil  must  be  reversed. 
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(1776)     The  capacity/ =  10  microfarads=. 000010  farad. 
Frequency  =125;  resistance  =  100 ohms;  capacity  reactance 

1  1,000,000  .^>y   A       u  1 

=  ^i f—  7. ?m — TTT^ tt:  =  137.4  ohms,  nearly. 

2  7r«/      2X3.14X125X10  '  ^ 

Impedance  =  f  R'  +  (^ — ^V  =  |/lOO^  +  (127.4)^  = 


C  = 


|/26,230  =  162,  nearly 

E         _  1,000 
1G2 


=  6.17  amperes.      Ans. 


impedance 

In  substituting  in  the  expression y,    care    must   be 

.  %-nj 

taken  to  have  /  expressed  in  farads,  not  microfarads. 

(1777)  {a)  If  the  transformers  were  connected  in  the 
manner  indicated,  they  would  be  burned  out,  unless  protected 
by  fuses.  The  figure  shows  the  two  secondaries  connected 
up  in  series  into  a  closed  circuit,  so  that  the  combined 
E.  M.  F.  of  the  two  secondaries  would  set  up  a  large  current 
and  thus  burn  out  the  coils. 

[b)  The  trouble  could  be  remedied  by  connecting  the 
transformers  as  shown  in  Fig.  107,  a  being  connected  to  a\ 
and  b  to  b' . 

MaAn 


MaAn 


A 


LOOOfiOQiKKKKml 


o^mmm\     ra^uMMi 


Fig.  107. 


(1 778)     {a)  It  has  been  shown  in  Art.  3862,  and  it  can 
also  be  seen  by  referring  to  Fig.  1448, that,  in  a  three-phase 
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system,  when  the  current  in  one  line  is  at  its  maximum  value, 
the  currents  in  the  other  two  lines  are  one-half  as  great  and 
in  the  opposite  direction.  Hence,  if  the  current  in  one 
line  is  at  its  maximum  value  of  150  amperes,  the  currents 
in  the  other  two  lines  at  the  same  instant  must  each  be 
75  amperes. 

{d)  The  current  of  75  amperes  in  these  two  lines  will  be 
flowing  in  a  direction  opposite  to  that  of  the  current  in  the 
first-mentioned  line. 

(1779)  (a)  If  the  alternator  runs  at  a  speed  of 
300  R.  P.  M.,  the  rev.  per  second  =  5.  There  are  20  poles, 
or  10  pairs  of  poles;  hence,  by  formula  646, 

frequency  =pxs=10x5  =  50  cycles  per  second. 

(d)  Since  the  frequency  is  50,  it  follows  that  the  current 
from  such  a  machine  will  pass  through  one  complete  cycle 
of  values  in  -^  second. 

(1780)  If  the  inductance  is  very  large  as  compared 
with  the  resistance,  nearly  all  the  E.  M,  F.  required  to  set 
up  the  current  through  the  circuit  will  be  used  up  in  over- 
coming the  inductance,  and  will,  therefore,  be  almost  90° 
ahead  of  the  current  in  phase.  Consequently,  in  such  a  cir- 
cuit the  current  will  lag  very  nearly  90°  behind  the  E.  M.  F. 
(Art.  3922.) 

(1781)  If  the  armature  of  an  alternator  has  high  self- 
induction,  a  large  part  of  the  E.  M.  F.  generated  may  be 
used  up  in  forcing  the  current  through  the  armature  itself, 
leaving  only  a  small  terminal  E.  M.  F.  available  at  the  col- 
lector rings.  If  the  inductance  were  very  high,  there  might 
be  such  a  falling  off  in  terminal  pressure  that  the  maximum 
output  which  could  be  taken  from  the  machine  might  be 
less  than  that  which  the  armature  could  safely  deliver  with- 
out overheating,  and  the  machine  would  not  deliver  the 
power  which  it  was  really  capable  of  supplying.  (Art. 
3930.) 

1/.  /:.     \  I. -31 
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(1782)     (a)  The  resistance  of  the  circuit  is  considered 
to  be  zero;  hence  the  impedance  y  R"^  -\-  {- =■  I    becomes 

and 


2ytny' 


C= — - —  =  %r.nJE. 

2  T.  nj 

Frequency  =  w  =  135  cycles  per  sec. 

Current  =:  C  =  2  amperes. 

r  C       r        .  2  X  1,000,000 

J  = =  farads  =  ^^^ — — — -—— ^-ttt^  microfarads  = 

'ZtzhE  2x3.14x120X1,000 

2.54  microfarads.     Ans. 

{h)  Since  there  is  no  resistance  in  the  circuit,  all  the 
E.  M.  F.  is  used  in  overcoming  that  of  the  condenser,  and 
the  current  is  at  right  angles  to  the  E.  M.  F.  and  90°  ahead 
of  it.  The  current  is  therefore  wattless,  and  no  energy  is 
being  expended  in  the  circuit.  The  number  of  watts 
expended  is  therefore  zero. 

(1783)  {a)  A  synchronous  motor  is  one  which  runs  in 
step  or  synchronism  with  the  alternator  driving  it.  (Art. 
4033.) 

{b)  A  single-phase  synchronous  motor  will  not  start  up 
of  its  own  accord  because,  when  it  is  standing  still  and  a 
rapidly  reversing  current  is  sent  through  its  armature, 
there  is  an  effort  exerted  tending  to  make  it  turn  first  in 
one  direction  and  then  in  the  other,  the  consequence  being 
that  the  armature  does  not  start  up. 

{c)  If  the  motor  be  run  up  to  speed,  the  coils  move  past 
the  poles  just  as  the  current  in  the  coils  reverses;  conse- 
quently the  torque  acting  on  the  armature  is  always  in  the 
same  direction  and  the  motor  continues  running.  (Art. 
4034.) 
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(1784)  The  counter  E.  M.  F.  set  up  in  a  coil  through 

which  a  flux  iV  is  made  to  vary  is  given  by  formula  617, 

Art.  3882. 

^_LUNTn 

The  magnetic  flux  JV  is  in  this  case  200,000  lines;  the 
frequency  n=125;  the  required  counter  E.  M.  F.  ^  = 
50  volts. 

Hence  we  have 

^      EXIO'  50  X  10"  .  _  . 

^=  OI^-  =  04  X  125  X  200,000  =  ^'  ^"^"^-     ^"^- 

(1785)  (rt)  The  effect  of  resistance  in  the  primary  and 
secondary  coils  of  a  transformer  is  to  cause  a  loss  in  them 
due  to  the  heating,  thus  making  the  efficiency  lower  than  it 
would  otherwise  be. 

{d)  The  resistance  in  the  coils  also  causes  a  falling  off  in 
the  secondary  voltage  when  the  transformer  is  loaded, 
thereby  making  the  regulation  poor.     (Art.  4014.) 

(1786)  (ti)  The  henry  is  the  unit  of  self-induction,  and 

a  coil  of  T  turns  would  have  an  inductance  of  1  henry  if  it 

10' 
set  up  a  flux  of  -^  lines  through  itself  when  the  current  in 

it  was  1  ampere.  Or  it  might  be  defined  as  that  quantity 
which  multiplied  by  the  current  and  10*  gives  the  product  of 
the  flux  and  the  number  of  turns. 

{d)  For  example,  if  a  coil  of  50  turns  had  an  inductance 
of  5  henrys  it  would  mean  that,  with  a  current  of  1  ampere 
flowing  through  the  coil,  there  would  be  10,000,000  lines 
passing  through  the  center  of  the  coil,  since 

flux  X  50  =  5  X  current  X  10', 

5  X  1  X  100,000,000      ,,  ^^^  ^^^  ,. 
or  flux  = ' =  10,000,000  Imes. 

(Art.  3875.) 

(1787)  If  the  armature  has  a  high  inductance,  the 
greater  part  of  the  E.  M.  F.  generated  will  be  used  up  in 
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forcing  the  current  through  the  armature  itself.  The  result 
is  that  the  E.  M.  F.  is  not  able  to  set  up  a  very  large  cur- 
rent when  the  machine  is  short-circuited,  and,  consequently, 
no  damage  results,  as  would  be  the  case  with  a  direct- 
current  machine.     (Art.  3963.) 

(1788)  The  great  advantage  of  polyphase  over  single- 
phase  synchronous  motors  is  that  the  former  will  start  of 
their  own  accord  and  run  up  to  synchronism,  whereas  the 
latter  have  to  be  started  up  from  some  outside  source  of 
power.     (Art.  4034.) 

(1789)  The  chief  advantage  which  induction  motors 
possess  over  synchronous  motors  is  that  they  will  start  with 
a  strong  torque,  and  will  therefore  start  up  under  load, 
whereas  synchronous  motors  will  not  start  on  anything  but 
a  light  load.  Induction  motors  also  have  the  advantage  of 
not  requiring,  under  ordinary  circumstances,  any  brushes  or 
collector  rings.     (Art.  4038.) 

(1790)  The  essential  parts  of  a  polyphase  induction 
motor  are  the  field,  or  primary,  into  which  currents  from 
the  line  are  led,  and  the  armature,  or  secondary,  in  which 
currents  are  induced  by  the  moving  field  set  up  by  the 
primary.  (Art.  4039.)  The  method  of  constructing  and 
winding  the  field  and  armature  is  such  as  that  described  in 
Arts.  4040  to  4042. 

(1791)  (a)  Line  pressure  or  impressed  E.  M.  F.  = 
1,000  volts.  Frequency  =  60  cycles  per  sec.  Self-induc- 
tion =.3  henry.  Resistance^  150  ohms.  Capacity  =  15  micro- 
farads =  .000015  farad. 

In  such  a  circuit  as  this  the  current   will  of  course  be 

impressed  E.  M.  F. 

equal  to  — *— ; — '- '- — '-      This  circuit  contains  resist- 

impedance 

ance,  self-induction,  and  capacity;  hence,  the 


impedance  =  i/ R'  ^(^n^iL  —  ^^—/i  .      See  Art.  391 0. 
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The  reactance  due  to  self-induction  =  --J  -  ;/  Z  =  2  -  X  60  V 
.3  =  113  ohms. 

The  reactance  due  to  capacity  = 
1  1,000,000 


170.9  ohms. 

ohms. 


•l-nj      2  X  3.14  X  00  X  15 

Then,  the  impedance  = 

i/l50'+  (—63.9)'  =  |/22,500  + 4,083  =  |/20,5S3  =  lti3  ohms. 

Hence,       current  =  -^--—  —  0.13  amperes.     Ans. 
loo 

{b)  Since  the  capacity  reactance  is  greater  than  the 
reactance  due  to  self-induction,  it  follows  that  the  com- 
ponent of  the  E.  M.  F.  at  right  angles  to  the  current  is  90° 
behind  the  curreni.  as  shown  in  Fig.  108.     The  impressed 


R=1S0 


■*-XiCuxzc&t 


Fig.  108. 


E.  M.  F.  is  therefore  in  the  direction  of  O  r,  and  the  angle 
by  which  the  current  leads  the  E.  M.   V .  is  such  that 


2  -  ;/  /, 


tan  ^  = 


and 


2t///  _  63.9 

K  ~  150 

0  =  23°  5'.     Ans. 


=  .426, 


{c)  The  watts  expended  =  ('/:  cos  <r>  =  1,000  X  6.13  X 
.910  =  5,033  watts.      .\iis. 

(1792)  {'/)  'rin'  [town-  ta.  t.,r  is  that  (juantity  l>y  whi'h 
the  apparent  watis  cxptiKicd  in  an  altcTnaliiiL;-*  m  rfiit 
circuit  must  be  multiplied  to  give  the  true  watts.  It  is 
equal  numerically  to  the  cosine  of  the  angle  of  lag  between 
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the  current  and  E.  M.  P.,  and  the  more  nearly  the  current 
and  E.  M.  F.  are  in  phase  with  each  other  the  larger  is  the 
value  of  the  power  factor.      (Art.  3926.) 

(d)  When  the  current  and  E.  M.  F.  are  exactly  in  phase, 
the  power  factor  has  its  greatest  value,  0  =  0  and  cos  <?  —  1. 
In  this  case  the  apparent  watts,  or  volts  X  amperes,  are 
equal  to  the  true  watts.     (Art.  3927.) 

(1793)  («)  The  best  method  of  measuring  power  in  an 
alternating-current  circuit  is  by  the  use  of  a  wattmeter, 
the  most  reliable  type  of  which  is  the  Siemens  dynamometer. 

(d)  A  description  of  this  instrument  will  be  found  by 
referring  to  Art.  3944. 

(c)  A  wattmeter  should  be  connected  with  its  current 
coil  in  series  with  the  circuit  in  which  the  power  is  to  be 
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Fig.  109. 
measured.     The  fine  wire  coil  should  be  connected  across 
the  terminals  of  the  circuit  a  d,  as  shown  in  Fig.  109. 

(1794)  If  a  transformer  were  connected  with  its  pri- 
mary across  continuous-current  mains,  no  counter  E.  M.  F. 
would  be  set  up  in  the  primary,  because  the  current  would 
not  be  changing.  The  primary  would,  therefore,  not  be 
able  to  choke  back  the  current,  and  a  rush  of  current  would 
take  place  which  would  be  limited  only  by  the  resistance  of 
the  primary  coil ;  consequently  a  current  would  flow  which 
would  probably  be  great  enough  to  burn  out  the  coil  unless 
it  were  protected  by  fuses. 

(1795)  The  armature  of  an  induction  motor  does  not 
revolve  quite  so  fast  as  the  magnetic  field  set  up  by  the 
currents  in  the  field  winding;  consequently  there  is  a  cutting 
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of  magnetic  lines  by  the  armature  conductors,  which  sets 
up  an  electromotive  force  in  them.  Since  the  armature 
coils,  or  conductors,  are  connected  up  into  closed  circuits, 
this  induced  E.  M.  F.  sets  up  currents  which  react  on  the 
field  and  so  produce  the  motion.     (Art.  4042.) 

( 1  796)  If  the  secondary  were  to  become  short-circuited, 
it  would  be  equivalent  to  connecting  it  to  a  circuit  of  very 
low  resistance.  The  consequence  would  be  a  heavy  rush  of 
current  through  the  secondary  coil,  which  would  allow  a 
correspondingly  large  current  to  flow  in  the  primary. 

(1797)  The  speed  of  an  induction  motor  may  be 
regulated  by  inserting  an  adjustable  resistance  in  series  with 
the  secondary  winding.  The  resistance  limits  the  amount 
of  current  which  flows  in  the  secondary  coils,  and  the  torque 
may  be  increased  or  diminished,  as  desired.  This  arrange- 
ment necessitates  the  use  of  collector  rings  and  brushes,  as 
a  resistance  for  regulating  purposes  to  be  used  continually 
could  not  very  well  be  placed  within  the  armature  itself  on 
account  of  the  heat  which  it  would  develop.     (Art.  4044.) 

( 1 798)  {a)  Magnetic  leakage  is  caused  by  the  flux 
which  the  secondary  tends  to  set  up  being  opposed  to  that 
set  up  by  the  primary.  The  two  opposing  magnetic  fluxes 
cause  lines  to  leak  between  the  coils,  as  shown  in  Art. 
4016,  and  this  leakage  effect  increases  as  the  load  on  the 
secondary  increases. 

(d)  The  effect  of  magnetic  leakage  is  to  cause  a  drop  in 
the  secondary  voltage,  because  all  the  magnetic  lines  do 
not  get  throughthe  secondary. 

{c)  The  effect  of  magnetic  leakage  may  be  largely 
reduced  by  so  arranging  the  coils  that  there  is  little  chance 
for  magnetic  lines  to  leak  between  them.  This  may  be 
accomplished  by  placing  the  coils  one  over  the  other,  or  by 
winding  the  primary  and  secondary  in  sections  and  inter- 
leaving them.     (Art.  4016.) 

(1799)  {(i)  The  current  in  the  armature  inirensts  as 
the  load  is  applied   in  very  much  the  same  way  that  the 
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current  in  the  armature  of  an  ordinary  shunt-wound  dynamo 
increases  with  increase  of  load. 

{b)  The  change  in  the  secondary  current  is  brought 
about  by  the  slight  slowing  down  in  speed  of  the  arma- 
ture. This  slowing  down  causes  the  relative  motion  between 
the  revolving  armature  and  field  to  become  greater,  thus 
making  the  conductors  cut  more  lines  of  force  per  second 
and  increasing  the  voltage  induced  in  them.  The  increase 
of  voltage  is  accompanied  by  a  corresponding  increase  of 
current,  which  causes  the  motor  to  develop  a  greater  torque 
and  thus  adjust  itself  to  the  new  condition  of  load.  (Art. 
4042.) 

(1800)  The  winding  suitable  for  the  field  of  a  three- 
phase  induction  motor  would  be  similar  to  that  used  on  a 
three-phase  alternator  armature.  The  windings  used  on 
polyphase  induction-motor  fields  are  usually  distributed 
windings  consisting  of  2  or  3  coils  per  pole  per  phase. 
(Art.  4045.) 

( 1 801 )  If  the  motor  be  loaded  too  heavily,  the  armature 
will  be  retarded  through  so  great  an  angle  that  the  motor 
will  slip  out  of  step  with  the  alternator  driving  it,  and  will 
rapidly  come  to  a  standstill.      (Art.  4035.) 

(1802)  (<«)  If  25  amperes  is  the  effective  value,  the 
maximum  value  will  be  2o|/2,  because  the   effective  value 

max.  value 
"         4/2        ' 

254/2  =  35.36  amperes.     Ans. 

{b)     Effective  value  —  1.11  average  value;  hence,  average 

25 
value  =  -— -  =  22.52  amperes.     (Art.  3867.) 

(1803)  If  the  effective  voltage  of  the  machine  is  2,000, 
the  maximum  pressure  which  the  insulation  of  the  armature 
is  subjected  to  will  be  the  maximum  pressure  corresponding 
to  2,000  effective  volts;  that  is,  2,000  4/2  or  2,000  X  1.414  = 
2,828  volts.     (Art.  3867.) 
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(1804)  (a)  If  the  alternator  has  10  poles,  or  5  pairs  of 
poles,  and  runs  at  the  rate  of  1,500  R.  P.  M.,  its  frequency- 
will  be^  by  formula  646,  ;/  ==  5  X  ^'^^  =  125  cycles  per 
second.     (Art.  3956.)     Ans. 

(d)  The  voltage  between  the  collector  rings  at  no  load  is 
given  by  formula  617, 

-_  4.44  XT;/ 
^  ~         10'        ' 

A^is  the  magnetic  flux  from  one  pole  and  equals  900,000; 
7^  is  the  number  of  ti/r/is  connected  in  series  and  is  equal  to 
^&  =  400.      Hence, 

^,  ^  4.44  X  900,000  X_lg£_xW  ^  ^,^,^^^ 

100,000,000  (A;t.3960.)    Ans. 

(1805)  If  an  E.  M.  F.  E  be  applied  to  a  condenser  of 
/  farads,  the  quantity  of  charge  which  the  condenser  will 
take  up  will  be  Q—JE  coulombs.  This  follows  from  the 
definition  of  a  farad.  In  this  case,  since  J  —  20  microfarads, 
and  i5"=  1,000  volts,  (2=  .000020  X  1,000  =  .020  coulomb. 
But  coulombs  =  amperes  x  seconds,  ox  Q—  C  /,  where  (7  is 
the  average  current. 

Then         (9  =  .1  X  A  and  /  =  '——-  —  -2  second. 

.1 

The  current  of  j'„-  of  an  ampere  w(^uld,  therefore,  have  to 
flow  for  \  second  to  charge  the  condenser  up  to  a  potential 
of  1,000  volts.     (Arts.  3900  and  3905.) 

(1806)  If  the  motor  has  6  poles,  or  3  pairs  of  poles,  we 

must  have,   by   formula    647,   the    relation    jr  =    -  =:    -  = 

20  rev.  per  second.  The  speed  is  therefore  20  revolutions 
per  second,  or  1.200  rev.  per  minute,  when  the  machine  is 
not  loaded,  hciau-^c  at  iio  l<ia(l  an  iudin'tioii  motor  should 
run  almost  (xacily  in  synchronism  witli  tlu-  alternator 
driving  it. 
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(1807)  The  current  flowing  through  a  synchronous 
motor  armature  varies  in  proportion  to  the  load  which  the 
machine  is  carrying  by  virtue  of  the  change  in  phase  rela- 
tion between  the  counter  E.  M.  F.  of  the  motor  and  the 
E.  M.  F.  supplied  by  the  alternator  driving  it.  When  a 
load  is  thrown  on  the  machine,  the  angular  position  of  the 
motor  armature  is  displaced  a  little  from  the  angular  posi- 
tion occupied  at  the  same  instant  by  the  armature  of  the 
alternator.  The  E.  M.  F.  of  the  motor,  therefore,  lags  a 
little  behind  that  of  the  alternator  and  thus  allows  a  current 
to  pass  between  the  two  machines.      (Art.  4035.) 

(1808)  The  general  effect  of  inductance  is  to  increase 
the  size  of  wire  necessary  to  transmit  a  given  amount  of 
power  beyond  what  would  be  required  if  no  inductance  were 
present.  In  other  words,  it  requires  some  E.  M.  F.  to  over- 
come the  inductance  as  well  as  the  resistance,  and  if  the 
total  amount  of  drop  in  the  line  is  fixed,  it  is  evident  that 
the  wire  has  to  be  made  just  so  much  larger  to  keep  the 
total  drop  within  the  specified  limits.  If  the  load  on  the 
line  is  inductive,  the  current  for  a  given  amount  of  power  is 
also  increased,  and  if  the  drop  were  to  be  kept  the  same,  the 
wire  .would  have  to  be  larger  than  would  be  necessary  if  the 
load  were  non-inductive.     (Art.  3934.) 

(1809)  («)  The  reactance  due  to  self-induction  is 
greater  than  that  due  to  capacity;  hence  the  effect  of  the 
self-induction  will  predominate  and  the  current  will  lag 
behind  the  E.  M.  F. 

{^)  The  resultant  reactance  is  20  —  15  =  5  ohms,  and 
the  resistance  being  10  ohms,  the  tangent  of  the  angle  of 
lag  isyV=  -5; 

or,  tan  ^  =  .5, 

and  the  angle  of  lag  ^  =  26°  34'. 

(1810)  The  field  of  an  alternator  which  is  not  provided 
with  compound  coils  may  be  adjusted  by  having  an  adjust- 
able rheostat  either  in  the  field  circuit  of  the  alternator  or 
in  the  shunt  field  circuit  of  the  exciter,  or  in  both,  as  shown 
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in  Fig.  1521.  It  is  customary  to  have  both  rheostats, 
because  a  number  of  alternators  can  then  be  excited  from 
one  exciter  and  their  field  currents  adjusted  independently. 
This  could  not  be  done  if  the  rheostat  in  the  alternator  field 
circuit  were  not  used.  By  varying  these  two  rheostats  the 
strength  of  field  and,  hence,  the  voltage  of  the  alternator 
may  be  easily  adjusted.     (Art.  3966.) 

(1811)  If  the  secondary  of  the  motor  were  of  high 
resistance,  there  would  have  to  be  a  considerable  E.  M.  F. 
induced  in  the  conductors  to  set  up  the  current  to  produce 
the  required  torque.  This  means  that  a  motor  with  such 
an  armature  would  require  a  large  slip,  and  there  would 
consequently  be  a  considerable  falling  off  in  speed  from  no 
load  to  full  load.  Such  a  motor,  therefore,  would  give  poor 
speed  regulation.     (Art.  4043.) 

(1812)  (a)  The  machine  generates  1,100  volts  with  a 
Y-connected  winding;  hence  the  voltage  generated  in  each 
phase  must  be,  by  formula  650, 

Consequently,  if  the  armature  be  connected  up  A,  the  line 
voltage  will  be  635,  because  in  this  case  the  line  voltage 
is  the  same  as  the  voltage  per  phase.  (Arts.  3992  and 
3993.)     Ans 

{/f)  If  the  current  output  were  50  amperes  with  the  Y 
winding,  it  means  that  the  wire  on  the  armature  must  be 
capable  of  carrying  50  amperes,  because  the  current  per 
phase  is  the  same  as  the  line  current  in  such  a  winding. 
(Art.  3990.)  If  the  winding  were  connected  A,  the  allow- 
able line  current  would  therefore  be,  by  formula  654, 
r=  50  X  4/3  =  86.6  amp.      Ans. 

(1813)  {(i)  Eddy-current  losses  act  in  the  same  way  as 
an  additional  current  in  the  secondary;  that  is,  they  simply 
increase  the  primary  current  over  and  above  what  it  should 
be  for  the  given  secondary  current.  This  means  that  the 
eddy-current  loss  has  to  be  made  up  for  by  taking  additional 
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current  from  the  line,  thus   lowering   the  efficiency  of  the 
transformer. 

{b)  Eddy-current  losses  may  be  reduced  by  laminating 
the  core  or  building  it  up  out  of  thin  sheets  of  iron  lightly 
insulated  from  each  other.  This  breaks  up  the  circuits  in 
which  the  eddy  currents  tend  to  flow,  and  so  prevents  their 
generation.      (Art.  4017.) 

(1814)  The  automatic  adjustment  of  a  transformer  to 
different  conditions  of  load  is  brought  about  by  the  reaction 
of  the  primary  and  secondary  coils.  The  magnetism  pro- 
duced by  the  secondary  is  opposed  to  that  of  the  primary, 
and,  consequently,  the  resulting  magnetizing  effect  is  zero. 
The  result  is  that  the  'magnetic  flux  remains  practically 
constant  at  the  value  which  is  set  up  by  the  magnetizing 
current.  (Art.  4009.)  Since  the  flux  remains  constant, 
the  E.  M.  F.  induced  in  the  secondary  must  also  be  con- 
stant.    (Art.  4010.) 

(1815)  The  current  which  a  transformer  takes  from 
the  line  on  open  circuits  has  to  set  up  the  magnetic  flux  N' 
and  supply  the  energy  necessary  to  make  up  for  the  core 
losses.  The  no-load  current  consists,  therefore,  of  two  com- 
ponents, one  of  which  represents  the  magnetizing  current 
(i.  e.,  the  current  which  is  necessary  to  set  up  the  flux  N 
against  the  reluctance  of  the  magnetic  circuit)  at  right 
angles  to  the  E.  M.  F.,  and  therefore  wattless,  while  the 
other  component  represents  the  current  necessary  to  make 
up  for  the  core  losses,  and  is  in  phase  with  the  E.  M.  F. 
The  no-load  current  is  the  resultant  of  these  components. 
If  the  magnetic  reluctance  and  core  losses  are  large,  the  no- 
load  current  will  be  large,  and  if  the  transformer  is  so 
designed  as  to  make  these  quantities  as  small  as  possible 
without  interfering  with  the  design  in  other  respects,  the 
no-load  current  will  be  reduced  to  the  smallest  practical 
amount  for  any  given  case.      (Art.  4011  and  following.) 

(1816)  It  is  necessary  that  an  induction  motor  should 
exert  a  strong  torque  when  starting  up  under  load,  and  in 
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order  to  do  this,  the  reaction  between  the  armature  currents 
and  the  magnetic  field  must  be  strong.  If  no  resistance 
were  inserted  in  the  secondary  circuit,  the  armature  currents 
would  be  very  heavy  and  a  strong  torque  Avould  result,  were 
it  not  for  the  fact  that  these  strong  secondary  currents 
react  on  the  primary  so  as  to  greatly  weaken  the  field.  In 
order,  then,  to  have  a  strong  starting  torque,  these  second- 
ary currents  must  be  limited  to  a  certain  extent,  and  this 
is  done  by  inserting  a  starting  resistance.  It  would  not  do 
to  leave  this  resistance  in  while  the  motor  was  running,  as 
it  would  make  the  speed  regulation  bad  and  also  lower  the 
efficiency.  The  resistance  is  therefore  arranged  so  that  it 
may  be  cut  out  when  the  motor  gets  up  to  speed.  (Art. 
4043.) 

(181 7)  (a)  The  slip  of  an  induction  motor  is  the  differ- 
ence in  speed  between  the  revolving  armature  and  the 
revolving  field  set  up  by  the  primary  windings.  It  is  usually 
expressed  in  per  cent,  of  the  synchronous  speed.    (Art.  4042.) 

{d)  If  the  armature  were  standing  still,  the  slip  would  be 
the  same  as  the  speed  of  the  revolving  field  or  lOOj^. 

(1818)  It  £  he  the  effective  alternating  voltage  and 
V  the  direct-current  voltage,  we  have,  for  a  three-phase 
rotary  transformer, 

^=.612  F; 

hence,     E  =  .GU  X  220  =  134.6  volts.  (Art.  4053.) 

(1819)  The  E.  M.  F.  to  overcome  self-induction  is  the 
equal  and  opposite  of  the  E.  M.  F.  of  self-induction.  The 
E.  M.  F.  of  self-induction  is  at  right  angles  to  the  magnet- 
ization because  it  is  equal  to  the  rate  of  change  of  the 
magnetization.  The  magnetism  is  changing  most  rapidly 
when  it  is  passing  through  its  zero  value;  hence  the  induced 
E.  M.  F.  is  a  maximum  when  the  magnetization  and  current 
are  zero.  When  the  current  is  flowing  into  the  coiL  <>!"  ii^ 
the  positive  direction^  the  induced  E.  M.  F.  is  opposed 
current,  or  is  in  the  negative  direction;  hence,  the  curves 
representing  current  and  induced  E.  M.  F.  are  as  shown  in 
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Fig.  1460.  The  E.  M.  F.  to  overcome  self-induction  is  the 
equal  and  opposite  of  the  induced  E,  M.  F.,  and  is  therefore 
90°  ahead  of  the  current  in  phase.  (Arts.  3879  and 
3880.) 

( 1 820)  (a)  The  hysteresis  loss,  like  the  eddy-current  loss, 
causes  an  increase  in  the  primary  current  over  and  above 
what  would  be  called  for  by  the  current  which  the  second- 
ary is  delivering.  The  hysteresis  loss  therefore  lowers  the 
efficiency,  and  also  causes  an  increase  in  the  power  which  the 
transformer  consumes  both  on  open  circuit  and  when  loaded. 
(d)  The  hysteresis  loss  is  caused  by  a  kind  of  molecular 
friction  in  the  iron,  which  causes  a  resistance  to  changes 
of  magnetism.  This  resistance  per  unit  volume  of  iron 
depends  upon  the  quality  of  the  iron  and  the  density  at 
which  it  is  worked.  It  follows,  therefore,  that  in  order  to 
keep  down  the  hysteresis  loss,  iron  of  very  good  quality 
should  be  used  and  the  core  should  be  worked  at  a  low 
magnetic  density. 

(r)  In  most  lighting  systems  the  line  pressure  is  main- 
tained all  day,  so  that  the  iron  losses  are  continual,  whereas 
the  copper  loss  is  limited  to  the  time  that  current  is  used. 
On  this  account  iron  losses  should  be  kept  very  small. 
(Arts.  4017and4018.) 

(1821)  (n)  The  two 
transformers  would  be 
connected  up  as  shown  in 
Fig.  110. 

(l^)  The  primaries  of 
the  two  transformers  are 
each  wound  with  600  turns 
of  wire,  and  are  connected 
across  the  two-phase  mains 
A  and  B,  as  shown.  The 
secondary  of  A'  must  fur- 
nish 200  volts,  and  since 
the  primary  voltage  is  1,000, 
the  secondary  turns  must 
be  tVVV  X  600  =  120. 


PJiase  1 


rosMWKKn 
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The  secondary  turns  on  B'  are  —-  times  as  many  as  on  A\ 
as  shown  in  Art.  4027  ;  hence,  the  turns  on  the  secondary 
of  ^'  =  ^  X  120  =  104  turns,  nearly. 

(1822)  Open  slots  are  used  because  they  do  not  give 
rise  to  such  a  high  inductance  in  the  armature  and  field. 
(Art.  4046.) 

(1823)  {a)  The  secondary  of  the  transformer  has  to 
generate  30  volts  when  the  primary  pressure  is  2,000  volts. 
There  are  800  turns  on  the  primary;  hence  there  must  be 

30 

X  800  =  13  turns  on  the  secondary. 

{b)  The  cross-section  of  the  wire  must  be  20  X  1,000,  or 
20,000  circular  mils,  which  is  about  the  cross-section  of  a 
No.  7  B.  &  S.  wire. 

(r)  The  output  of  the  transformer  would  be  20  amperes 
at  30  volts  =  600  watts.     (Art.  4028.) 

(1824)  The  pressure  between  each  of  the  pairs  of  alter- 
nating-current matns  is  400  volts.  Hence  the  direct-cur- 
rent pressure  will  be  V=  -j—r  =  565.7  volts.     (Art.  4062.) 

(1825)  (n)  The  pressure  furnished  by  the  main  wind- 
ing will  be,  by  formula  617, 

^=        10"       • 
450  R.  P.  M.  =  Yd"  ^'^v.  per  sec.      There  are  8  pairs  of 
poles;  hence,  by  formula  646,  the  frequency  ;/  =  8  X  Vo"  = 
60  cycles  per  sec.     There  are  800  conductors,  or  400  turns, 
on  the  armature,  and  iV=  1,250,000. 

^,         P      4.44  X  1,250,000  X  400  X  60      ,  ...       ,^ 

^^^"'^= 100,000,000 r/f'«'';     ^ 

(Art.  3960.)    Ans. 

(d)  The  voltage  generated  in  the  teazer  winding  will  be 
^  of  that  in  the  main  winding,  since  the  winding  has  \  the 
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number  of  turns  on  the  main  winding.  The  teazer  voltage 
will  therefore  be  J--^/^  =  333  volts.  The  pressure  between  the 
middle  and  outer  rings  will  be  the  resultant  of  ^V"-^  volts 
and  333  volts  at  right  angles  to  the  main  voltage.  Hence, 
the  voltage  between  outer  and  middle  rings  is 


/(¥y 


+  333"  =  745  volts,  nearly.     (Art.  3998.) 


(1826.)     {(z)  The  primary  coil    must    generate  a  back 
pressure  of  2,000  volts;  hence  we  have 

J.      A.UNTn 

E  — 


2,000  = 


10«       ' 

4.44  X  500,000  X  Tx  125 
10" 


™  10^  X  2,000  „^.  ^  ,         . 

or    T=.-—-, _^^    '    ——=  720  turns,  nearly.     Ans. 

4.44  X  500,000  X  125  '  "^ 

{U)  If  the  secondary  voltage  is  to  be  100,  the  ratio  of 
transformation  is  20,  and  the  secondary  turns,  -^-^6.  —  36. 
(Art.  4003.)     Ans. 

(1827)     (a)  20  H.  P.  delivered  at  the  pulley  is  equal  to 

20  X  746  watts.    The  watts  delivered  are,  then,  14,920.    The 

commercial  efificiency  is  .8;   hence  the  actual  watts  which 

14  920 
must    be    delivered    to  the    motor  will    be  — ^— — ^  =  18,650. 

.  8 

The  power  factor  is  .85;  hence  the  apparent  watts  which 

will    be    delivered  will    be  — '—^-  —21,941.      This  motor  is 

.80 

supplied  from  three-phase  mains  at  a  voltage  of  220;  hence, 
since  watts  =  C E  \f^  (Art.  3994),  we  have 

21,941  =  C220  X  |/3, 

-      y.         21,941  ^„  ^  . 

or  6  = -=.  =  o7.6  amp.     Ans. 

220  X  ys 
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{d)  If  the  field  windings  are  connected  up  A,  the  current 
in  them  will  be,  by  formula  655, 

line  current       57.0       „.,  ,,  . 
— =  — 3r-  =  33.2  amp.     Ans. 

-/3  V'3 

(1828)  In  order  to  obtain  a  pressure  of  10,000  volts 
at  the  end  of  the  line,  the  pressure  at  the  station  would 
have  to  be  11,000  volts  when  the  full  load  was  being  trans- 
mitted.    200  H.  P.  =  200  X  746  =  149,200  watts. 

149,200       ,  ,  ^,, 
Hence,  current  =  =  14.92  amperes. 

Current  X  impedance  =  1,000  volts, 
1,000 


14.92' 
The  line  is  25  miles  long,  and  the  total   length  of   wire  is 


or  impedance  = 

The  line  is  25 
50  miles;  then, 

1.000        1        ,  o.     u 
Impedance  per  mile  =  —i— r^  X  -rr:  =  l-o4  ohms. 
*  ^  14.92      oO 

The  wires  are  strung  18  inches  apart,  and  the  frequency- 
is  60.  By  referring  to  Table  114  (Art.  3934)  it  is  seen  that 
the  impedance  per  mile  of  No.  3  B.  &  S.,  18  in,  apart,  fre- 
quency 00,  is  1.223  ohms  per  mile,  while  that  of  No.  4  is  1.467. 
No.  3  wire  would,  therefore,  probably  be  used.   Ans. 

(1829)  (n)  No;  the  magnetic  flux  remains  practically 
constant,  no  matter  what  the  load  is,  because  the  total  mag- 
netizing effect  of  the  coils  does  not  change  with  the  load. 
(Art.  4009.) 

(d)  The  core  losses  also  remain  practically  constant,  as 
these  depend  upon  the  intensity  of  the  magnetic  flu.x,  and 
must  be  constant  as  long  as  the  flux  remains  the  same. 
(Art.  4017.) 

(1830)  If  the  current  in  the  system  is  lagging,  the 
power  factor  is  less  than  1,  and  the  volt-amperes,  or  appar- 
ent watts,  are  greater  than  the  true  watts.  For  a  given 
amount  of  power  supplied  and  a  fixed  line  voltage,  it  follows 
that  the  current  required  will  be  greater  than  if  the  power 

if.  E.     YL—S2 
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factor  were  1.  The  alternator  current  output  is  therefore 
reached  before  the  machine  is  delivering  the  actual  power  or 
zvatts  which  it  is  capable  of,  and  the  useful  output  is  thereby 
limited.     (Art.  3930.) 

(1831)  The  Cardew  voltmeter,  or,  in  fact,  any  alter- 
nating-current voltmeter,  may  be  used  to  measure  the 
current  in  a  circuit  by  causing  the  current  to  flow  through 
a  known  non-inductive  resistance  and  measuring  the  drop 
through  the  resistance  by  means  of  the  voltmeter.  Since 
the  current  and  E.  M.  F.  in  the  non-inductive  resistance  are 

—       F  — 

in  phase,  C  =  -^,  where  C  is  the  current,  and  S  is  the  drop 

through  the  resistance  K.  That  is,  ii"  is  the  reading  given 
by  the  voltmeter.     (Art.  3937.) 

(1832)  Draw  a  line  O  /?,  Fig.  Ill,  to  scale,  representing 
the  current  of  50  amperes.      Since  this  is  to  be  resolved  into 

two  equal  currents  differing 
60°  in  phase,  draw  from  O 
the  lines  O  c  and  O  d,  making 
angles  of  30°  with  6>^.  From 
b  draw  the  lines  b  e  and  b  f 

Q^  '^A 1 Ji^i  parallel  to  Odand  (9^  respect- 
ively. Then  will  O  e  and 
O  f  represent  the  two  re- 
quired currents  to  scale.  By 
scaling  off  the  figure,  it  is 
found  that  6>  ^  =  (9/=:  28.8 
P^^'-  ^1'-  amp.     The  value  oi  O  e  may 

also  be   found  by  trigonometry  as  follows:     Drop  the  per- 

O  e' 


pendicular  eg. 


and 


Oe 


Then,  6*, 
25 


f,  0 

J' 


COS  30° 


25 

.866 


=  25 ;    cos  30° 
28.8  amp.     Ans. 


(1833)     {a)  Frequency 
By  formula  Q4c1^  rev.  per  second  =  Y" 
minute  at  no  load  =  720. 


60,  number  of  pairs  of  poles  =  5. 
12,  or  rev.  per 
Ans. 
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{b)  The  slip  is  5^;  therefore  the  armature  runs  720  X 
.05  =  36  rev.  per  minute  less  than  the  revolving  field.  The 
speed  at  full  load  will,  then,  be  720  —  36  =  684  rev.  per 
minute. 

(1834)  {a)  The  method  of  constructing  a  sine  curve  is 
explained  in  Art.  3846  and  is  illustrated  in  Fig.  1438. 

{h)  A  sine  curve  is  changing  most  rapidly  at  the  points 
where  it  crosses  the  horizontal,  that  is,  when  it  is  passing 
through  zero.  The  slant  of  the  curve  is  greatest  where  the 
curve  crosses  the  axis,  hence  the  change  in  the  ordinate  cor- 
responding to  a  change  in  time  is  greater  at  this  point  than 
anywhere  else. 

(1835)  {a)  The  output  is  150  K.  W.  Then,  by  formula 
652, 

150,000  =  CE\^; 

.7-  150,000 

or,  line  current  6  = —  =  86.6  amperes.     Ans. 

1,000  X  -/3 

{b)  The  current  in  the  armature  winding  will  be,  by 
formula  655, 

-      86.6 

c  =  — =-  =  oO  amperes.     Ans.     (Art.  3993.) 
r  3 

(1836)  A  non-inductive  resistance  of  known  value  is 
connected  in  series  with  the  circuit,  the  power  in  which  is 
to  be  measured.  The  drop  across  the  non-inductive  resist- 
ance, across  the  circuit  in  which  the  power  is  expended, 
and  also  the  drop  across  both  combined,  is  measured,  thus 
giving  three  voltmeter  readings.  If  /i,  is  the  drop  across 
the  resistance,  E^  the  drop  across  the  circuit  in  which  the 
power  is  being  measured,  and  E  the  drop  across  both  com- 
bined, then,  by  formula  641, 

where    W  is  the  watts  expended   and  A'  the  value  of   the 
non-inductive  resistance.     (Art.  3948.) 
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(1837)  (a)  Open-circuit  windings  are  preferred  because 
they  are  better  adapted  for  the  production  of  high  voltages 
than  closed-circuit  windings.  They  allow  more  conductors 
to  be  connected  up  in  series,  thus  giving  the  high  voltage 
which  is  usually  required  for  alternating-current  work. 
(Art.  3954.) 

{d)  The  kind  of  winding  used  does  not  affect  the  fre- 
quency. The  only  quantities  which  affect  the  frequency  of 
an  alternator  are  the  number  of  poles  and  the  speed.  The 
type  of  winding  affects  only  the  voltage  and  current  output 
of  the  machine.      (Art.  3951.) 

(1838)  (ii)  The  load  on  the  secondary  is  100  X  50  = 
5,000  watts. 

The  apparent  input  in  watts  is  1,000  x  6.5  =  6,500  watts. 

Hence,  the  apparent  efficiency  is  — ^— —  =  .769  or  76.95^, 

G.oOO 

Ans. 

{d)  The  real  watts  supplied  to  the  primary  =  6,500  X 
.85  =  5,525.     Ans. 

(c)     The  true  efficiency  is,  therefore,  — =  90.5^. 

^  ^  o,o25 

'  Ans. 

(1839)  Three-phase  Y-connected  windings  can  not  be 
used  for  rotary  transformers  because  the  winding  of  a 
rotary  transformer  has  to  be  at  the  same  time  both  a  direct- 
current  and  an  alternating-current  winding.  Windings  for 
continuous-current  machines  are  of  the  closed-circuit  type, 
hence  the  alternating-current  winding  must  also  form  a 
closed  circuit.  This  means  that  the  A  winding  has  to  be 
used  in  such  machines.      (Art.  4053.) 

(18-40)  If  the  opening  in  the  coil  is  much  narrower 
than  the  pole-piece,  there  is  danger  of  some  of  the  E.  M.  F.'s 
in  the  different  turns  opposing  each  other,  because  they 
will  be  cutting  lines  in  the  same  direction  at  once.  The 
result  of  this  would  be  to  diminish  the  total  E.  M.  F.  gener- 
ated by  the  alternator.     (Art.  3959.) 
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(QUESTIONS  1841-1918.) 


(1841)  It  has  been  shown  that,  other  things  being 
equal,  the  hysteresis  loss  is  proportional  to  the  frequency. 
The  eddy-current  loss  is  proportional  to  the  square  of  the 
frequency.  It  follows,  therefore,  that  a  machine  of  given 
size  and  output  which  runs  at  a  high  frequency  will  usually 
have  a  larger  core  loss  than  one  running  at  a  low  frequency. 
The  number  of  poles  on  continuous-current  machines  is 
usually  small  compared  with  the  number  on  alternators, 
hence  the  frequency  of  the  magnetic  cycles  in  direct-current 
armature  cores  is  not  generally  as  high  as  it  is  in  the  cores 
of  alternator  armatures.  For  this  reason  alternators  are 
liable  to  have  larger  core  losses  than  continuous-current 
machines  of  corresponding  speed  and  output.  (Arts.  4059, 
40«8  to  4070.) 

(1842)  If  the  inductance  of  an  armature  is  very  high 
and  the  current  sufficiently  large,  all  the  E.  M.  F.  generated 
may  be  used  to  drive  the  current  through  the  armature 
against  this  inductance,  and  the  useful  terminal  E.  M.  F. 
will  therefore  fall  off  to  zero.  If  the  inductance  were  very 
high  and  the  field  excitation  not  raised  as  the  machine  was 
being  loaded,  this  limiting  current  might  be  less  than  the 
rated  full-load  current  of  the  machine.     (Art.  4060.) 

(1843)  If  an  armature  is  well  ventilated,  it  should  be 
capable  of  radiating  from  .04  to  .06  watt  per  square  inch  per 
degree  rise,  which,  with  40°  C.  rise,  would  mean  a  total  radia- 
tion of  from  l.G  to  2.4  watts.     The  student  will  understand 
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that  these  are  only  average  values,  because  this  quantity 
depends  very  largely  on  the  construction  of  the  armature 
and  the  peripheral  speed  at  which  it  runs.  The  radiation 
constant  in  individual  cases  might,  therefore,  vary  consid- 
-erably  from  the  above  values.     (Art.  4071.) 

(1844)  It  has  been  shown  that  when  the  armature 
has  self-induction,  as  is  nearly  always  the  case,  the  effect  of 
the  armature  reaction  is  both  to  distort  and  to  weaken  the 
field.  It  follows,  then,  that  if  the  field  is  not  correspond- 
ingly strengthened  by  increasing  the  exciting  current,  the 
voltage  at  the  terminals  of  the  machine  will  fall  off. 
(Arts.  4073,  4074.) 

(1845)  If  the  armature  reaction  is  made  excessive,  the 
field  may  be  so  weakened  as  the  load  is  applied  that  the 
E.  M.  F.  will  decrease  when  the  current  tends  to  increase, 
thus  keeping  the  current  constant.      (Art.  4081.) 

(1846)  If  the  alternator  runs  at  a  speed  of  450  R.  P.  M. 
and  has  16  poles,  the  frequency  will  be  ^-^-  x  8  =  60  cycles 
per  second. 

(a)  In  this  case  there  are  16  slots,  and  since  there  are 
16  poles,  we  have  only  one  group  of  conductors  per  pole; 
consequently  we  may  use  formula  617, 

^_4.44A^r« 
10«       ' 

because  all  the  conductors  will  be  active  at  the  same  instant. 
There  are  16  slots,  with  30  conductors  in  each,  making  in 
all  480  conductors,  or  240  turns.     We  have,  then, 

^      4.44  X  3,000,000  X  240  X  60      ^  ^..       .  . 

jb.  = ~~^ =  1,918  volts.     Ans. 

(Art.  4086.) 

(d)     If  we  used  32  slots,  with  15  conductors  per  slot,  we 

would  have  the  same  total  number  of  conductors  as  before, 

but  only  half  of  them  would  be  active  at  the  same  instant. 

The  E.  M.  F.   in  this  case  would    therefore    be  .707  times 

that  which  was  obtained  with  the  16-slot  arrangement,  or, 

by  formula  664, 

£  =  1,918  X  .707  =  1,356  volts.     Ans.     (Art.  4087.) 
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{c)  If  48  slots  with  10  conductors  per  slot  are  used,  the 
E.  M.  F.'s  in  the  three  sets  will  be  displaced,  as  shown  in 
Fig.  1591,  and  the  E.  M.  F.  obtained  would  be  .667  times 
that  given  by  the  concentrated  winding.  We  would  have, 
then,  by  formula  666, 

£=  1,918  X  .667  =  1,279  volts.     Ans.     (Art.  4088.) 

(1847)  (a)  Bars  are  generally  used  for  the  windings  of 
machines  of  which  the  current  output  is  large,  or,  in  general, 
in  any  armature  where  a  very  large  wire  or  a  large  number 
of  wires  in  multiple  would  be  required  to  carry  the  current. 
Low-voltage  machines  are  usually  bar-wound,  because  the 
lower  the  voltage  the  greater  is  the  current  for  a  given 
output. 

(d)  Wire  conductors  are  preferred  for  machines  where 
the  current  output  is  comparatively  small  and  the  voltage 
high.  A  conductor  made  up  of  a  number  of  wires  in  multi- 
ple is  often  used  where  it  is  desired  to  make  the  conductor 
flexible.     (Arts.  41 03  to  41 05.) 

(1848)  Two-layer  windings  are  largely  used  because 
they  enable  the  ends  of  the  coils  to  pass  each  other  without 
interfering,  and  utilize  all  the  available  space  at  the  end  of 
the  armature.  They  also  have  the  advantage  of  accommo- 
dating one  coil  for  each  slot;  for  with  such  windings  there 
are  as  many  slots  as  coils,  whereas  with  a  single-layer  wind- 
ing there  would  have  to  be  twice  as  many  slots  as  coils  (one 
slot  for  ©ach  side  of  each  coil).     (Art.  4093.) 

(1849)  (a)  If  the  alternator  runs  at  the  rate  of  300 
R.  P.  M.  and  has  12  poles,  the  frequency  will  be  \"/  X  6  = 
30  cycles  per  second.  If  the  armature  has  12  slots,  there  will 
be  only  one  group  of  conductors  per  pole,  and  we  may  write 

Ex  10' 


r= 


4.44  X  N  X  n' 


^  1,500  X  10'  ^^.  ^  . 

or  /  =  -T—n o  .^r>r^  r..>r^ 7^  =  3^0  tums.     Ans. 

4.44  X  3,000,000  X  30  ^^^,    ^^^^^^ 
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{d)  If  the  winding  is  placed  in  24  slots,  one  half  the  con- 
ductors will  be  idle  while  the  other  half  is  active,  so  that  we 
will  have  the  relation 

£X  10' 


T  = 


4.44  X  Nx  nx  .707' 


and  since  E  is  to  be  1,500  volts  in  both  cases,  the  value  of  T 
must  be 

^r_ 1,500X10^  _.on. 

~  4. 44  X  3,000,000  X;^X. 707  ~  ^^"  ^"''''- 

In  order,  then,  to  obtain  the  same  voltage,  155  turns  more 
have  to  be  used  with  the  subdivided  winding  than  with  the 
concentrated  winding.     Ans,     (Art.  4087.) 

(1850)  {a)  A  wire  having  a  diameter  of  .001  inch 
would  have  a  cross-sectional  area  of  1  circular  mil.  One 
foot  of  copper  wire  having  this  cross-section  has  a  resistance 
at  ordinary  temperatures  of  about  10.4  ohms. 

(d)  At  the  temperatures  usually  met  with  in  well-designed 
electrical  machinery  the  resistance  per  mil-foot  is  about 
11.5  ohms.     (Art.  4139.) 

(1851)  When  the  coils  are  heavy,  they  generally  con- 
tain a  large  number  of  turns,  thus  causing  the  voltage 
between  adjacent  layers  to  be  considerable,  and  making  it 
necessary  to  provide  insulation  between  the  layers,  as 
explained  in  Arts.  41  lO  and  4214. 

(1852)  If  the  winding  is  to  be  arranged  in  two  layers, 
there  will  be  as  many  slots  as  there  are  coils.  In  this  case 
we  are  to  provide  for  a  two-coil  winding,  i.  e.,  two  coils  per 
pole  per  phase.  The  machine  has  16  poles  and  is  to  be 
wound  for  three  phases;  hence  there  will  be  16x3x2  = 
96  slots  and  96  coils.     (Arts.  4087,  4088.) 

(1853)  When  the  field  is  excited  by  a  separately 
excited  winding  only,  the  coils  are  subjected  to  no  higher 
pressure  than  that  generated  by  the  exciter.  In  case  the 
machine  is  provided  with  compound  coils  which  are  in  con- 
nection with  the  armature  winding,  the  full  pressure  of  the 
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machine  is  tending  to  break  down  the  insulation  and  set  up 
a  short  circuit  through  the  frame  and  armature  core.  When 
this  method  of  field  excitation  is  used,  it  follows  that  the 
compound  coils  should  be  thoroughly  insulated  from  the 
separately  excited  coils,  and  from  the  frame  of  the  machine 
as  well.     (Arts.  4161,41 62.) 

(1854)  In  large  machines  it  is  not  necessary  to  rectify 
all  the  current  in  order  to  supply  the  compound  coils.  A 
shunt  across  the  rectifier  terminals  is  therefore  mounted  on 
the  armature,  which  revolves  with  it.  By  this  means  a 
considerable  portion  of  the  current  is  allowed  to  flow  around 
the  rectifier,  which  cuts  down  the  amount  of  current  to  be 
handled  by  the  rectifier  brushes  and  reduces  the  sparking. 
(Arts.  4182  and  4202.) 

(1855)  The  principal  factor  limiting  the  output  of  an 
alternator  is  the  heating  effect  due  to  the  core  losses  and 
copper,  losses,  as  explained  in  Arts.  4059  to  4062.  The 
output  of  an  alternator  is  not  usually  a  strictly  definite 
quantity,  because  the  same  machine  may  be  capable  of  a 
greater  output  under  one  set  of  conditions  than  it  would 
under  another.  For  example,  a  machine  could  give  a  larger 
output  without  overheating  in  a  large  airy  dynamo  room 
than  it  could  if  it  were  placed  in  the  hold  of  a  ship  where  the 
ventilation  was  poor  and  the  temperature  high. 

(1856)  The  effects  of  armature  reaction  in  alternators 
are  not  of  such  importance  as  in  direct-current  machines 
because  the  reaction  does  not  ^ive  rise  to  any  sparking. 
The  only  bad  effect  it  can  have  is  to  cause  a  falling  off  in  the 
terminal  voltage,  and  this  can  be  compensated  for  by 
strengthening  the  field.     (Art.  4061.) 

(1857)  {a)  Eddy  currents  may  be  avoided  to  a  large 
extent  by  laminating  the  core  and  insulating  the  lamina- 
tions from  each  other  sufficiently  to  prevent  the  currents 
from  flowing  between  the  disks. 

(d)  The  eddy-current  losses  in  alternators  are  apt  to  be 
high  if  the  core  is  not  carefully  built  up,  because  of  the  high 
frequency. 
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(c)  The  eddy-current  loss  increases  with  the  square  of 
the  frequency;  thus,  doubling  the  frequency  makes  this 
loss  four  times  as  great.     (Art.  4070.) 

(1858)  Armatures  may  be  wound  to  have  low  induct- 
ance by  using  a  small  number  of  turns  per  coil  or  using  a 
large  number  of  slots  with  few  conductors  in  each  slot. 
(Art.  4079.) 

(1859)  The  machine  has  8  poles  and  runs  at  a  speed  of 
900  R.  P.  M. ;  its  frequency  is  therefore  -8g-o/X4=  60  cycles 
per  second. 

{a)  The  armature  has  a  total  of  24  slots,  hence  there 
must  be  8  slots  per  phase,  or  1  slot  per  pole-piece  per  phase. 
There  will  then  be  480  conductors,  or  240  turns  in  each  phase 
connected  in  series,  and  since  there  is  only  one  group  per 
phase,  we  may  write  as  the  E.  M.  F.  generated  in  each  phase 

£  =  ^-^^^^^'^  =  (See  formula  61 7.) 

4.44  X  2,500,000  X  240  X  60       ,  __       .  . 
-—^ =  1,598  volts.     Ans. 

(Art.  4086.) 

(d)  If  48  slots  are  used,  with  30  conductors  in  each  slot, 
we  shall  have  the  same  total  number  of  conductors  as  before, 
but  we  shall  have  16  slots  to  each  phase,  or  two  groups  of 
conductors  per  pole-piece.     Then,  by  formula  669, 

E  = j^i X.96o  = 

1,598.x  .965  =  1,542  volts.     Ans.     (Art.  4090.) 

(r)  If  the  whole  1,440  conductors  were  evenly  distrib- 
uted, we  would  have 

J.      AA^NTn 
^-— 30^-X.95  = 

1,598  X  .95  =  1,518  volts.     Ans.     (Art.  4090.) 

(1860)  About  4,500  feet  per  minute  would  be  a  fair 
value  for  a  ijiachine  of  this  size  and  output.  (Arts,  4082, 
4083.) 
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(1861)  (^)  From  14  to  18  mils,  the  thicker  iron  being 
used  for  low-frequency  machines. 

(d)  The  cores  are  usually  light,  because  of  the  small  mag- 
netic flux  which  they  have  to  carry  as  compared  with  direct- 
current  machines.  This  is  a  consequence  of  the  use  of  a 
large  number  of  poles,  the  fiux  being  so  split  up  that  the 
cross-section  of  iron  in  the  core  does  not  need  to  be  very 
large  to  carry  it.     (Arts.  4095,  4096.) 

(1862)  A  distributed  winding  generally  results  in  a 
large  number  of  crossings  of  the  coils  at  the  ends  of  the 
armature,  thus  making  them  difficult  to  insulate  for  high 
voltages.  If  high  pressure  is  needed  from  such  a  machine,  it 
can  be  generated  at  a  low  pressure  and  stepped  up  by  means 
of  transformers.     (Art.  4089.) 

(1863)  {a)  If  the  output  is  200  K.  W.  and  the  full- 
load  voltage  2,300,  the  full-load  current  will  be         '■       = 

<i,oOO 

86.9  amperes.  If  we  allow  500  circular  mils  per  ampere, 
we  would  then  require  a  cross-section  of  86.9  X  500  = 
43,450  circular  mils.     Ans.     (Art.  4125.) 

{d)  Two  No.  7  wires  in  multiple  would  give  41,640  circular 
mils,  or  four  No.  10  wires  would  give  41,520  circular  mils. 
One  No.  4  wire  would  give  41,740  circular  mils,  but  this 
would  be  too  stiff  to  wind  up  easily  into  coils. 

(1864)  (a)  If  ^  represents  the  resistance  of  1  foot  of 
the  wire  1  mil  in  diameter  or  1  circular  mil  in  area,  then 
L  X  ^  would  be  the  resistance  of  the  given  length  of  wire  if 
it  had  a  cross-section  of  only  1  circular  tnil^  L  being  the 
length  expressed  in  feet.  The  resistance  of  any  wire  of 
given  length  is  inversely  proportional  to  the  area  of  its 
cross-section;  for  example,  doubling  the  cross-section  halves 
the  resistance,  etc.  It  follows,  then,  that  if  the  conductor 
has  a  cross-section  of  m  circular  mils,  its  resistance  will  be 

Lx  k 
R  =  — ^ .     (See  formula  680,  Art.  41 39.) 

{b)     The  hot  resistance  of  1  mil-foot  of  copper  is  about 
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11.5  ohms,  hence  we  have  for  the  given  length  and  cross- 
section,  by  formula  682, 

^^  1,600X1L5  ^  ^  g  ^^^^      ^^^  4139.) 

(1865)  The  output  would  not  be  changed,  because,  in 
changing  from  a  Y  to  a  A  winding,  the  voltage  is  reduced  by 
the  same  ratio  that  the  current  output  is  increased.  The 
size  of  slot  required  will  be  about  the  same  in  either  case, 
and  the  size  of  the  armature  required  will  be  the  same. 
(Art.  4151.) 

(1  866)  Shafts  for  induction  motors  should  be  specially 
stiff  on  account  of  the  short  air-gap  used.     (Art.  4269.) 

(1867)  (a)  The  density  in  the  core  of  a  125-cycle  trans- 
former may  be  taken  as  20,000  lines  per  square  inch  for  a 
fair  average  value.  This  would  make  the  value  of  the  flux 
A^=  200,000  lines.     (Art.  4211.) 

{d)     We  have,  by  formula  697, 

1  ()nn  -  4.44  X  200,000  X  7;  X  125, 

,  T  1,000  X  10'  „„„  ^  ,         , 

'•*"<=^'  ^=  4.44  X  aOO.OOO  X  125  =  *'«*'  '"■""^'  (^T  4222!) 

(c)  If  the  secondary  voltage  is  to  be  50,  the  number  of 
secondary  turns  required  will  be,  by  formula  698, 

T,=  T^X  ~=  900  Xj^  =  45  turns.    Ans.    (Art.  4223.) 

(1868)  Alternators  with  armatures  having  high  induct- 
ance will  show  a  considerable  falling  off  in  terminal  pres- 
sure from  no  load  to  full  load,  on  account  of  the  armature 
reaction  and  the  induction  drop  in  the  armature.  In  order 
to  keep  the  voltage  constant,  an  additional  field  excitation 
must  be  supplied,  and  the  greater  the  armature  reaction  and 
inductance   the   larger  must  be    the    additional  excitation. 


CURRENT   APPARATUS.  511 

This  additional  excitation  is  supplied  by  means  of  the  series 
coils;  hence  they  must  be  more  powerful  for  armatures  with 
high  inductance  than  for  those  with  low  inductance.  (Art. 
4184.) 

(1869)  30,000  lines  per  square  inch  may  be  taken  as  an 
average  value  of  the  density  in  cast-iron  yokes.  In  some 
machines  the  density  is  lower  than  this,  in  order  to  make  the 
yoke  have  enough  cross-section  to  give  sufficient  mechanical 
strength.  The  density  may  be  run  somewhat  higher  than 
30,000  without  danger  of  saturation,  but  the  above  may  be 
taken  as  an  average  value,     (Art.  4169.) 

(1870)  If  the  magnetic  circuit  of  a  transformer  is 
broken  by  an  air-gap,  the  magnetic  reluctance  is  greatly 
increased.  A  large  magnetic  reluctance  requires  a  large 
magnetizing  current  to  set  up  the  flux  necessary  to  produce 
the  counter  E.  M.  F.  The  effect  of  an  air-gap  would  then  be 
to  considerably  increase  the  no-load  current.     (Art.  4213.) 

(1871)  The  series  coils  may  be  supplied  with  a  current 
which  varies  in  proportion  to  the  load  by  connecting  them 
to  the  secondary  coil  of  a  transformer,  the  primary  of  which 
is  in  series  with  the  armature.  This  transformer  revolves 
with  the  armature,  and  as  the  primary  and  secondary  wind- 
ings are  not  electrically  connected  in  any  way,  the  insula- 
tion of  the  series  coils  is  not  subjected  to  a  high  potential. 
(Art.  4201.) 

(1872)  If  the  motor  is  to  run  at  1,500  revolutions  per 
minute,  we  must  have  (see  formula  646)  n  = />  X  s,  or 
125  =  />  X  ^fo">  whence  /  =  5,  and  the  number  of  poles 
will  therefore  be  10.  The  coils  used  in  winding  the  field 
will  bridge  over  -^^  of  the  circumference,  thus  giving  rise 
to  a  10-pole  field  when  current  is  sent  through  them. 
(Art.  4263.) 

(1873)  When  an  armature  is  run  on  open  circuit  in  a 
fully  excited  field,  there  will  be  a  rise  in  temperature  due  to 
the  losses  which  occur  in  the  core.     We  have  a  mass  of  iron 
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in  which  the  magnetism  is  being  constantly  changed,  hence 
the  conditions  necessary  for  setting  up  hysteresis  and  eddy- 
current  losses  are  present,  and  these  core  losses  will  occur 
whether  the  armature  is  delivering  current  or  not.  (Art. 
4063.) 

(1874)  (a)  The  safe  working  temperature  of  an  arma- 
ture is  determined  by  the  temperature  which  the  insulating 
materials  are  capable  of  standing  continuously  without 
deterioration. 

(d)     About  40°  C.     (Arts.  4064,  4065.) 

(18T5)  A  low-resistance  armature  requires  a  small 
amount  of  slip,  consequently  the  falling  off  in  speed  from 
no  load  to  full  load  is  small  compared  with  what  it  would  be 
if  the  armature  resistance  were  high  and  the  slip  corre- 
spondingly large.      (Art.  4247.) 

(1876)  When  the  armature  has  no  self-induction,  the 
current  in  the  armature  coils  is  in  phase  with  the  E.  M.  F. 
In  such  a  case  the  armature  exerts  no  demagnetizing  action 
on  the  field,  but  tends  only  to  distort  it,  crowding  the  lines  of 
force  to  one  side  of  the  pole-pieces.      (Art.  4073.) 

(1877)  Armatures  with  concentrated  windings  con- 
sisting of  a  small  number  of  heavy  coils  generally  have  high 
inductance.  Coils  such  as  are  used  on  armatures  of  this 
class  usually  have  a  large  number  -of  turns,  and  the  self- 
induction  is  consequently  high.      (Art.  4078.) 

(1878)  For  a  machine   of  this  size  we  may  take  5,000 

feet  per  minute  as  a  fair  value  for  the  belt  speed.     This  will 

give,  by  formula  691, 

T^-         .        r       11  l^X  5,000        .^^,  .  , 

Diameter  of  pulley  =  — -- — -—-  =  424^  m.,  nearly. 
^        ^       3.14  X  450  ^ 

By  formula  692, 

T,r. ,  ,      ^  L   ,  «       250,000       „,  . 

Width  of  belt  =  .7  X  ^-^ktt  =  35  in. 
5,000 

Allowing  1  inch  clearance  on  each  side  of  the  belt  would  give 
37  inches  as  the  width  of  the  pulley  face.    Ans.    (Art.  4200.) 
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(1879)  The  secondary-core  losses  are  small  because 
the  frequency  in  the  secondary  is  very  low.  The  hysteresis 
loss  is  proportional  to  the  frequency,  and  the  eddy-current 
loss  to  the  square  of  the  frequency ;  hence  a  low  frequency 
will  result  in  small  core  losses.      (Art.  -4241.) 

(1880)  If  the  current  in  the  armature  lags  behind  the 
E.  M.  P.,  a  current  is  flowing  in  the  coils  when  they  are 
directly  under  the  poles,  and  this  current  tends  to  demag- 
netize the  field.  The  current  in  the  conductors  also  tends  to 
distort  the  field,  so  that  when  the  current  lags  behind  the 
E.  M.  P.,  the  effect  is  not  only  to  distort  the  field,  but  also  to 
demagnetize  it.     (Arts.  4074,  4075.) 

(1881)  («)  Inductances  in  series  are  added  like  resist- 
ances; hence,  if  we  have  10  coils,  each  having  an  inductance 
of  .01  henry,  the  total  inductance  will  be  .1  henry. 

{b)  If  each  coil  consists  of  one-half  the  number  of  turns, 
its  inductance  will  be  one-quarter  of  what  it  was  before, 
because  the  inductance  is  proportional  to  the  square  of  the 
number  of  turns.  The  inductance  of  each  coil  in  the  second 
case  will  therefore  be  ^J^  x  .01  =  .0025  henry.  There  are 
20  coils  connected  in  series,  hence  the  total  inductance  in 
the  second  case  will  be  20  X  .0025  =  .05  henry.  The  total 
number  of  turns  has  not  been  changed,  but  the  inductance 
has  been  reduced  to  one-half  of  Avhat  it  was  in  the  former 
case.     (Art.  4079.) 

(1882)  {ti)  Windings  for  induction-motor  fields  are 
usually  almost  identical  with  the  winding  which  would  be 
used  for  the  corresponding  polyphase  armature.  Each 
phase  consists  of  a  number  of  coils  grouped  together  and 
spaced  around  the  periphery  of  the  field  in  the  same  way 
that  they  would  be  arranged  on  a  polyphase  armature. 

(d)  Windings  plac  ed  in  slots  give  rise  to  less  magnetic 
leakage,  thus  making;  tlu-  inductance  of  the  motor  less  when 
loaded,  and  thereby  increasing  the  power  factor.  (Art. 
4244.) 
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(1883)  The  CR  loss  in  small  alternators  is  a  consider- 
ably larger  percentage  of  the  output  than  in  the  case  of 
large  machines.  The  percentage  rapidly  decreases,  how- 
ever, until  a  point  is  soon  reached  beyond  which  it  decreases 
very  little.  To  decrease  the  C^R  loss  much  below  1.5  or 
2^  requires  too  large  an  expenditure  in  the  shape  of  copper. 
(Art.  4066.) 

(1884)  {a)  It  was  pointed  out  in  Art.  4068  that  the 
hysteresis  loss  in  a  given  mass  of  iron  depends  upon  the 
quality  of  the  iron,  and  is  proportional  to  the  volume,  to 
the  frequency,  and  to  the  1.6  power  of  the  magnetic 
density.  The  loss  then  in  a  given  mass  of  iron  worked  at  a 
given  frequency  and  density  is  a  quantity  which  can  at  once 
be  calculated  when  the  magnetic  quality  of  the  iron  is  known. 

{b)  Laminating  the  core  will  have  no  effect  upon  the 
core,  provided  the  volume  and  quality  of  the  iron  are  not 
changed  in  any  way.  Usually,  laminating  the  core  will 
decrease  the  actual  cross-section  of  iron,  and  this  might 
cause  a  slight  increase  in  the  hysteresis  loss  due  to  the 
increased  density.  The  object  in  laminating  a  core  is  to 
keep  down  the  eddy-current  loss,  and  it  has  little  or  no  effect 
on  the  hysteresis  loss,  which  is  a  loss  in  the  iron  itself,  not  a 
loss  due  to  currents  eddying  around  in  the  iron. 

(1885)  {a)  The  core  loss  in  the  first  transformer  is 
120  watts;  hence,  watt-hours  lost  per  day  =  120  X  24=2,880, 
or  2.88  kilowatt-hours.  The  cost  of  this  per  year  will  then 
be  2  88  X  .10  X  365  =  $105.12.  The  first  cost  of  the  trans- 
former is  $30,  so  that  the  cost  of  the  core  losses  plus  interest 
and  depreciation  will  be  $105.12  +  $3  =  $108.12. 

The  core  loss  in  the  second  transformer  is  90  watts.  The 
loss  in  watt-hours  for  1  day  will  be  90  X  24  =  2,160.  This 
core  loss  will  cost  per  year  2,100  X  .10  X  365  =  $78.84.  The 
transformer  costs  $50,  so  that  the  interest  and  depreciation 
will  amount  to  $5  per  year,  making  the  total  cost  $83.84. 

(^)  The  second  transformer;  for,  although  the  first  cost 
of  this  transformer  is  greater  than  that  of  the  other,  it  will 
be  much  the  cheaper  to  operate,  the  first  cost  being  less  in 
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either  case   than  the  expense  of  operating.      (Arts.  -4230 
to  4232.) 

(1886)  The  speed  is  900  revolutions  per  minute  and 
the  field  has  8  poles;  consequently  the  frequency  will  be 
60  cycles  per  second.  (See  formula  646.)  Taking  curve  B, 
Fig.  1584,  we  find  the  watts  lost  per  cubic  inch  per  100  cycles 
at  a  density  of  25,000  to  be  about  .275.  The  total  loss  will 
therefore  be 

IV  =— — — =  363  watts.      Ans.      (Art.  4068.) 

(1887)  The  higher  the  peripheral  speed  the  greater  Avill 
be  the  amount  of  heat  which  can  be  radiated  with  a  given 
rise  in  temperature.      (Art.  4071.) 

(1888)  The  strength  of  the  series  coils  may  be  varied 
by  placing  a  non-inductive  resistance  or  shunt  across  their 
terminals.  By  adjusting  this  resistance,  the  proportion  of 
the  total  current  which  passes  through  the  coils  may  be 
varied  as  desired.  For  example,  if  the  shunt  had  a  resistance 
equal  to  that  of  the  coils,  the  current  would  divide  about 
equally  between  the  two.     (Art.  4182.) 

( 1 889)  The  eddy-current  loss  increases  as  the  square  of 
the  frequency;  doubling  the  speed  would  double  the  fre- 
quency; hence  the  eddy-current  loss  would  be  made  four 
times  as  great.  It  might  also  be  noted  here  that  the  hys- 
teresis loss  would  be  made  only  twice  as  large,  as  this  loss 
increases  directly  with  the  frequency.      (Art.  4070.) 

(1890)  If  the  resistance  is  inserted  in  the  field,  the  field 
current  is  cut  down  and  the  field  strength  thereby  reduced. 
The  strong  armature  currents  react  on  this  weak  field,  making 
it  still  weaker,  and  resulting  in  a  small  starting  torque. 
When  the  resistance  is  inserted  in  the  armature,  the  whole 
line  voltage  is  applied  to  the  field  and  is  effective  in  setting 
up  a  strong  magnetic  flux.  The  resistance  in  the  armature 
circui4  limits  the  secondary  currents  and  prevents  them 
from  weakening  the  field  set  up  by  the  primary,  so  that  a 
good  starting  torque  is  the  result.     (Arts.  4246,  4247.) 

ii.  t:.    vi.—SS 
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(1891)  (ij)  The  quantities  which  determine  the  size  of 
wire  to  be  used  for  the  field  winding  are:  the  ampere-turns 
to  be  set  up,  the  mean  length  of  a  turn  in  feet,  the  resist- 
ance of  a  mil-foot  of  the  wire;  and  the  voltage  applied  to  the 
coils. 

(d)  Let  /,„  be  the  mean  length  of  a  turn,  />  the  number  of 
pairs  of  poles  on  the  machine,  B  the  exciter  voltage,  r  the 
drop  in  the  regulating  rheostat,  C  t  the  ampere-turns  sup- 
plied by  one  pair  of  coils,  and  11.5  the  resistance  of  1  mil- 
foot  of  copper  at  the  working  temperature  of  the  field.    Then, 

n-       \  -1  ^-         r  fi  1 J      •  /X /„X  <r^Xll.5 

Circular  mils  cross-section  of  held  wire  = ^ . 

h  —  e 

(Arts.  4176,4177.) 

(1892)  {pL)  The  angular  distance  between  the  arms  of 
the  rocker  depends  upon  the  number  of  poles  on  the  machine. 
The  arms  must  be  so  arranged  that  when  one  brush  presses 
on  one  segment  of  the  rectifier,  the  other  presses  on  the 
other  segment.  There  are  as  many  segments  as  poles,  so 
that  the  angular  distance  between  the  arms  and  brushes 
will  depend  upon  the  angular  distance  between  the  poles. 

{b)  If  the  machine  has  16  poles,  there  will  be  10  segments 
in  the  rectifier,  and  the  angular  distance  from  center  to  cen- 
ter of  segments  will  be  22^''.  The  brushes  would  be  set  so 
as  to  bring  them  as  far  apart  as  possible,  and  still  have 
them  in  contact  with  the  two  different  segments.  This 
would  make  the  angle  between  the  tips  7  X  22.5  =  157.5° 
(Art.  4197.) 

(1893)  {(I)  The  air-gap  should  be  made  small  in  order 
to  keep  down  the  magnetizing  current  and  increase  the 
power  factor  of  the  machine  by  decreasing  the  cross-section 
of  the  leakage  path.  A  small  increase  in  the  length  of  the 
air-gap  would  make  quite  a  large  increase  in  the  current 
necessary  to  set  up  the  magnetic  flux  in  the  field. 

(^)  The  air-gap  density  should  generally  be  low,  other- 
wise a  large  magnetizing  current  will  be  required.  It  will 
usually  be  found  to  lie  somewhere  between  20,000  and 
30,000  lines  per  square  inch.      (Art.  4249.) 
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(1894)  (a)  The  flux  through  the  yoke  is  one-half  that 
through  the  pole-pieces  in  the  case  of  a  multipolar  field  with 
circular  yoke  and  radial  pole-pieces. 

(d)  The  flux  through  the  pole-pieces  is  equal  to  the  flux 
through  the  air-gap  multiplied  by  the  coefficient  of  mag- 
netic leakage ;  that  is,  the  flux  through  the  poles  has  to  be 
greater  than  that  through  the  air-gap  by  an  amount  suffi- 
cient to  make  up  for  the  lines  which  leak  across  without 
going  through  the  air-gap.     (Arts.  4167  to  4169.) 

(1895)  The  yoke  is  usually  made  of  cast  iron  rather 
than  steel  in  the  case  of  alternators  because  there  is  no  need 
for  making  special  efforts  to  make  the  yoke  cross-section 
small.  The  required  cross-section  is  usually  small  anyway, 
on  account  of  the  small  magnetic  flux,  so  that  a  steel  yoke 
is  not  necessary,  besides  being  more  expensive  and  difficult 
to  cast.     (Art.  4156.) 

(1896)  (a)  There  are  72  slots,  with  12  conductors  per 
slot,  in  the  primary  winding,  making  a  total  of  864  conductors, 
or  288  conductors  per  phase.  In  the  secondary  winding  there 
are  48  slots,  with  2  bars  per  slot,  making  a  total  of  96  bars, 
or  32  bars  per  phase.  In  the  primary  we  have  288  con- 
ductors per  phase  connected  in  series,  while  in  the  secondary 
there  are  32  connected  in  series.  If  the  primary  current  in 
each  phase  is  50  amperes  and  the  power  factor  of  the  second- 
ary is  1,  the  secondary  current  will  be 

*^  X  50  =  450  amperes.     Ans. 

{b)  If  we  allow  800  circular  mils  per  ampere,  the  cross- 
section  of  the  secondary  winding  bar  in  circular  mils  will  be 

450  X  800=  360,000. 

To  reduce  this  to  square  mils,  we  must  multiply  by  -; ;  hence 

4 

the  cross-section  in  square  mils  will  be 
360,000  X  .785  =  282,600  sq.  mils.     Ans.     (Art.  4261.) 

(1897)  {a)  A  unicoil  or  concentrated  winding  is  one  in 
which  there  is  only  one  group  of  conductors  per  pole,  so 
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that  all  the  conductors  in  a  given  phase  are  active  at  the 
same  instant. 

{d)  The  chief  advantages  of  this  style  of  winding  are: 
(1)  Ease  of  arrangement  on  the  armature.  (2)  Ease  v^^ith 
which  high  insulation  can  be  secured.  (3)  A  high  E.  M.  F. 
generated  for  a  given  length  of  active  conductor. 

(c)  The  disadvantages  of  concentrated  windings  are: 
(1)  High  armature  reaction,  (3)  High  armature  self- 
induction.  Both  these  tend  to  produce  bad  regulation  for 
constant  pressure.  Concentrated  windings  also  localize  the 
heat  generated  in  the  coils,  so  that  the  coils  are  more  apt 
to  get  hot  than  in  armatures  Avhere  they  are  spread  out 
more.     (Arts.  4085,  4086.) 

(1898)  For  a  density  of  40,000  lines  per  square  inch, 
we  find  the  loss  per  cubic  inch  per  100  cycles  to  be  .60  watt. 
(See  curve  B,  Fig.  1584.)  The  total  loss  in  the  teeth  will 
then  be 

200  X. 60X125       ,^^       ^^ 
— — =150  watts. 

The  density  in  the  core  under  the  teeth  is  20,000,  and  the 
loss  per  cubic  inch  per  100  cycles  corresponding  to  this  den- 
sity is  about  .19  watt.  The  total  loss  in  the  core  proper 
will  therefore  be 

500  X  .19  X  125       ^.^^^       ^      " 
- — - — — r ■  =  118.75  watts. 

The  total  loss  would  then  be 

150  -f  118. 75  =  268. 75  watts.     Ans.     (Art.  4068.) 

(1899)  («)  Since  the  alternator  runs  at  600  revolutions 
per  minute  and  has  12  poles,  its  frequency  will  be  60,  There 
are  24  slots  in  all,  or  12  for  each  phase;  consequently,  there 
is  only  one  group  of  conductors  per  pole-piece  per  phase. 
There  are  12  X  50  =  600  conductors,  or  300  turns  in  each 
phase. 

Then,  £  = 


10' 
4.44  X  2,000,000  X  300  X  60 


=  1,598.4  volts.     Ans. 


10' 

(Art.  4087.) 
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{d)  If  the  winding  were  spread  evenly  over  the  surface, 
the  voltage  obtained  would  be  reduced  10^,  or  we  would  have 
to  multiply  the  expression  above  by  .90.      Hence  we  have 

^=1,598.4  X  .9  =  1,438.56  volts.     Ans.     (Art.  4090.) 

(1900)  Bolts  passing  through  the  cores  of  armatures  or 
transformers  are  liable  to  give  rise  to  eddy  currents  by 
short-circuiting  the  disks.  Whenever  it  is  necessary  to  pass 
bolts  through  such  cores,  they  should  be  insulated  lightly  by 
means  of  a  paper  tube,  but  it  is  best  when  possible  to  make 
the  construction  such  that  the  bolts  do  not  need  to  pass 
through  the  core.     (Art.  4070.) 

(1901)  Stationary  armatures  are  best  adapted  for  high 
voltages  because  there  is  usually  more  room  on  them  for 
insulation,  and,  not  being  subjected  to  vibration  of  any 
kind,  the  insulation  is  not  liable  to  be  injured.  The  use  of 
the  stationary  armature  also  does  away  with  thenecessity  of 
insulating  collector  rings,  brush-holders,  etc.,  for  high 
potentials.      (Art.  4111.) 

(1902)  {(i)  The  useful  output  at  full  load  will  be  5,000 
watts.     The  input  will  be  5,000  +  GO  +  50  +  95  =  5,205  watts. 

The  f  u  11-load  efficiency  will  therefore  be  -t^t-  =  96. 06^.    Ans. 

5,205 

{d)  At  4"  load  the  core  loss  will  be  the.  same  as  before, 
but  the  copper  losses  will  be  only  ^  as  great,  because  the 
current  will  be  one-half  as  great  in  the  primary  and  second- 
ary (loss  varies  with  the  square  of  the  current).  The 
copper  loss  in  the  primary  at  ^  load  will  therefore  be 
15  watts,  and  in  the  secondary  12.5  watts.  The  total 
losses  at  |  load  will  then  be  122.6  watts.  The  useful  out- 
put will  be  2,600  watts,  so  that  the  efficiency  is       '  = 

«,  622. 5 

95.3^.     Ans. 

(t)  The  total  useful  output  during  the  day  is  5,000  X  6  = 
30,000  watt-hours. 
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The  total  hysteresis  loss  during  the  day  is  95  X  ~4  =  2,280  watt-hours. 
The  total  C'^R  loss  during  the  day  is  (60  +  50)  X  6  =     660  watt-hours. 

Total  loss  in  24  hours  2,940  watt-hours. 

Hence, 

All-day  efficiency  =  ||^  =  91. 07^.     Ans. 

d^,  J40        ^^^^g  4230  to  4232.) 

(1903)  No;  there  can  be  no  hysteresis  loss  when  the 
magnetism  is  steady.  If  the  field  exciting  current  were 
fluctuating  there  might  be  some  loss,  but  as  soon  as  the  cur- 
rent becomes  steady  the  frequency  is  0;  consequently  the 
hysteresis  loss  is  0.      (Art.  4068.) 

(1904)  {a)  Oiled  linen  tape  and  mica.  Coils  should 
also  be  well  treated  with  insulating  varnish  after  all  mois- 
ture has  been  driven  off  by  baking.  Tape  is  usually  suf- 
ficient by  itself,  except  for  coils  intended  to  stand  high 
pressures,  in  which  case  it  is  best  to  use  mica  in  addition  to 
the  tape. 

{b)  Slots  are  usually  lined  with  a  trough  made  up  of 
alternate  layers  of  paper  and  mica.  Other  materials,  such 
as  micanite  and  leatheroid,  are  also  used.  (Arts.  41  lO  to 
4117.) 

(1905)  Highly  saturated  teeth  in  a  direct-current 
machine  tend  to  keep  the  armature  from  reacting  strongly 
on  the  field,  and  thus  reduce  sparking.  In  the  case  of  an 
alternator  or  induction  motor,  the  highly  saturated  teeth 
could  do  no  good  in  this  respect,  and  would  only  tend  to 
make  the  hysteresis  and  eddy-current  loss  large.  (Art. 
4119.) 

(1906)  («)  The  use  of  oil  ensures  largely  against  break- 
downs in  insulation,  because  if  the  insulation  is  punctured 
at  any  point  the  oil  at  once  fills  tip  the  gap.  Oil  also  serves 
to  conduct  the  heat  away  from  the  coils  to  the  case  of  the 
transformer  and  thus  get  rid  of  it  to  the  surrounding  air. 
(Art.  421 0.) 
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(d)  It  is  important  that  the  insulation  between  the  pri- 
mary and  secondary  coils  should  be  high  because  there  is 
always  a  tendency  for  the  high-tension  primary  current  to 
jump  across,  especially  if  there  should  happen  to  be  a  ground 
on  the  secondary  circuit.  Any  connection  between  the 
primary  and  secondary  would  bring  the  high  primary  pres- 
sure into  connection  with  it  and  be  liable  to  injure  the  appa- 
ratus connected  to  the  circuit.      (Art.  4214.) 

(1907)  About  ;^0,000  lines  per  squ~are  inch.  The  value 
might  vary  slightly  either  side  of  this  amount  without  making 
any  appreciable  change  in  the  armature-core  loss  or  in  the 
ampere-turns  required  for  the  magnetic  circuit.  (Art. 
41 20.) 

(1908)  If  the  total  output  is  75  K.  W.  at  1,100  volts,  the 
current  in  each  phase  will  be 

37.5X1,000      _,.^ 

' =  34.09  amperes. 

Each  phase  has  a  resistance  of  ,75  ohm. ;  hence  the  C*  R 
loss  in  each  phase  at  full  load  will  be 

(34.09)'  X  .75  =  871.6  watts. 

The  total  loss  in  the  armature  will  therefore  be 

871.6  X  2  =  1,743.2  watts.     Ans.     (Art.  41 45.) 

( 1 909)  {a)  For  cast-iron  pole-pieces  the  air-gap  density 
should  not  run  much  over  30,000  lines  per  square  inch,  as 
this  will  bring  the  density  in  the  cast-iron  pole-pieces  quite 
high  enough  when  allowance  is  made  for  magnetic  leakage. 

{b)  With  wrought-iron  pole-pieces  the  density  in  the  air- 
gap  may  be  as  high  as  40,000  or  45,000  lines  per  square 
inch.     (Art.  4121.) 

(1910)  The  method  of  obtaining  the  length  of  the  face 
of  iron  parallel  to  the  shaft,  in  order  to  limit  the  density  to 
the  desired  amount,  has  been  explained  in  Art.  4257.  This 
assumes  that  the  intensity  of  the  magnetization  decreases  as 
we  move  either  side  of  the  center  of  the  pole  face  according 
to  the  sine  law.     This  is  nearly  the  case  in  motors  with 
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distributed  wound  fields.      The  formula  giving'  the  required 
relation  then  is 

^^     A^X2/» 
~  2  X  4  X  B' 

(1911)  («■)  A  distributed  winding  is  one  which  is  split 
up  into  a  large  number  of  coils  and  spaced  around  the  arma- 
ture, as  distinguished  from  one  which  is  provided  with  a  few 
heavy  coils  only. 

(^)  These  windings  have  the  advantages  of  low  self- 
induction  and  consequent  good  regulation  for  constant 
potential.  They  also  radiate  the  heat  generated  in  the 
windings  more  easily  than  armatures  having  heavy  coils. 
They  have  the  disadvantages  that  they  give  a  lower  E.  M.  F. 
for  a  given  length  of  active  conductor  and  are  more  difficult 
to  insulate  and  construct.     (Arts.  4084  to  4086.) 

(1912)  {a)  If  the  line  voltage  is  500  and  the  winding 
is  A-connected,  the  pressure  generated  in  each  phase  must 
be  500;  hence  we  have 

J.      LUNTn 

£= —, X.9o. 

^^^      4.44  X  500,000  X  T  X  60  X  .95 
500  =  — ^^^i •. 

T= ^^^  ^  ^^^ —  =^  396  turns,  nearly.     Ans. 

4. 44  X  500,000  X  00  X. 95  '    (Art   4257.) 

(d)  If  the  power  factor  is  .85  when  10,000  true  watts  are 
being  delivered,  the  apparent  watts  will  be  — '-—^  =  11,765, 
nearly. 

We  have  W=CEi/s, 

or  11,765=^500  4/3. 

C  =  Ihl^  =  13.59  amp.     Ans.     (Art.  4251.) 
500  i/S 

(c)     Each  phase  would  take  |  the  input,  or  — '- —  apparent 
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watts.      The  voltage  per  phase  is  500;  hence  the  current  per 
phase  will  be 

11,765 


3  X  500 


=  7.84  amp.     Ans. 


The  same  result  might  also  be  obtained  by  dividing 
the  line  current  by  |/3,  because  in  a  A-connected  arma- 
ture the  current  in  each  phase  is  equal  to  the  line  current 
divided  by  4/3. 

(1913)  (a)  If  the  flux  from  one  pole  is  2,500,000  lines, 
the  flux  through  a  section  of  the  armature  under  the  slots 
will  be  -^A^,  or  1,250,000  lines.  The  density  is  to  be  30,000 
lines  per  square  inch ;  hence  the  area  of  cross-section  of  the 
iron  will  be 

1,250,000       ,,  ^, 
^3^^=41.GGsq.m.     Ans. 

{d)  Since  the  length  of  the  iron  part  of  the  core  parallel 
to  the  shaft  is  15  in.,  the  depth  of  iron  under  the  slots  must 
be 

41.66 


15 


2.77  in.,  say  2J  in. 


The  inside  diameter  will  be  28  —  (4+ 5|)  =  18^  in.     Ans. 
(Art.  4136.) 

(1914)  (a)  Magnetic  leakage  may,  to  a  large  extent, 
be  prevented  by  splitting  the  coils  up  into  a  number  of 
sections  and  sandwiching  the  primary  and  secondary  sec- 
tions between  each  other.  This  reduces  the  magneto- 
motive force  of  any  one  coil,  and  thus  reduces  the  tendency 
to  leakage.  If  the  coils  are  arranged  one  over  the  other, 
with  very  little  space  between  them,  and  made  such  that  the 
leakage  path  will  be  long  and  of  small  cross-section,  the 
magnetic  reluctance  of  the  leakage  path  will  be  high,  and  the 
leakage  consequently  small.     (Art.  4213.) 

(d)  If  the  secondary  current  is  50  amperes  and  the  resist- 
ance of  the  secondary  .02  ohm,  the  drop  due  to  the  secondary 
resistance  will  be  60X.02  =  1  volt. 
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The  current  in  the  primary  corresponding  to  50  amperes 
in  the  secondary  will  be  |a  =  2.5  amperes,  neglecting  the 
magnetizing  current.  The  drop  in  the  primary  at  full  load 
will  then  be  2.5  X  5  =  13.5  volts.      This  12.5  volts  drop  in 

12  5 

the  primary  will   cause  a   drop  in  the  secondary  of  — '—  = 

.625  volt,  and  the  total  drop  due  to  the  resistance  of  both 
coils  will  be  1.625  volts.     Ans. 

(1915)  The  mean  length  of  a  turn  is  40  inches,  or 
4f  feet.  The  ampere-turns  supplied  by  1  pair  of  coils  is 
4,000.  The  voltage  of  the  exciter  is  220  volts  and  the  drop 
in  the  regulator  25  volts,  so  that  the  voltage  actually  applied 
to  the  field  is  195.     Applying  formula  690,  we  have 

4  X  ft  X  4,000  X  11.5       o-,.^    • 
m  = ^-^ -— =  3,14o  cir.  mils. 

No.  15  B.  &c  S.  has  a  cross-section  of  3,257  circular  mils,  so 
that  this  size  would  be  suitable.      (Art.  4177.) 

(1916)  (a)  The  machine  has  to  deliver  a  total  of 
50  K.W.  or-^-  K.W.  in  each  phase.  The  voltage  generated 
per  phase  will  be  1,100,  because  the  armature  is  to  be 
A  wound.  The  full-load  current  in  each  phase  will  there- 
fore be 

50,000  _  _ 

3^^X100  =  ^'-^^^'^^' 

The  loss  in  each  phase  will  then  be 

(15.15)^X1.5  =  344.4  watts. 

The  total  C  R  loss  will  be  344. 4x3  =  1,033.2  watts.     Ans. 

{b)  The  drop  in  each  phase  will  be  6^7?  =  15.15X  1.5  = 
22.7  volts,  and  since  the  phases  in  a  A  winding  are  con- 
nected directly  across  the  line,  the  drop  in  the  line  pressure 
due  to  the  armature  resistance  will  also  be  22.7  volts.  (Art. 
4151.) 

(1917)  If  the  poles  are  not  laminated,  eddy  currents 
will  be  set  up  in  them  by  the  teeth  of  the  armature  sweep- 
ing past  the  faces.     The  coarse  armature  teeth  set  up  tufts 
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of  magnetism  which  sweep  across  the  pole-pieces,  and  thus 
set  up  eddy  currents  if  the  pole  tip  is  not  laminated  or 
broken  up  in  some  way  by  grooves  or  wrought-iron  pieces 
cast  in,  as  explained  in  Art.  4155. 

(1918)     See  Art.  4143.    The  total  output  is  175  K.W. ; 

u     u            •„  1-     175,000  ^, 

hence  the  output  m  each  phase  will  be watts.      The 

Si 

voltage  is  3,000;  hence  the  current  in  each  phase  is 

Allowing  500  circular  mils  per  ampere,  we  get  the  cross- 
section  necessary: 

29.16X500=  14,580  cir.  mils. 

This  is  between  a  No.  8  and  No.  9  B.  &  S.  The  former 
would  probably  be  used,  as  it  gives  a  little  over  the  required 
section  rather  than  under  it. 
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TABLES    AND    FORMULAS. 


This  volume  contains  all  the  principal  Tables  and  For- 
mulas which  are  likely  to  be  used  by  the  student  in  practice. 
They  have  been  collected  and  placed  in  this  volume  in  order 
to  make  them  convenient  for  ready  reference,  so  that  the 
student  will  not  be  obliged  to  hunt  them  out  in  the  prece- 
ding volumes.  The  number  after  each  formula  is  the  same 
as  the  number  following  the  same  formula  in  the  text. 
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/ 

0 

3 

I 

=    1 

1     f 

1 

4° 

/ 

Sine 

Cosine 

Sine 

Cosine 

Sine  C 

Cosine 

1      i      1 
Sine  I  Cosine; 

Sine  C 

'osine 

o 

>■   t 

.01745 

.99985 

•03490 

99939 

.05234 

99863 

.06976 

99756 

60 

I 

.00029 

.01774 

.99984 

.03519 

99938 

.05263 

9986. 

.07005 

99754 

59 

3 

.00058 

.01803 

.99984 

.03548 

99937 

.05293 

99^60 

.07034 

99752 

58 

3 

.00087 

.01832 

■99983 

.03577 

99936 

.05321 

99858 

.07063 

99750 

57 

4 

.00116 

.01863 

■99983 

.03606 

99935 

.05350 

99857 

.07093 

99748 

56 

5 

.0014s 

.01891 

.99982 

.03635 

99934 

.05379 

99855 

.07121 

99746 

55 

6 

.00175 

.01930 

•99982 

.03664 

99933 

.05408 

99854 

.07150 

99744 

54 

7 

.00304 

.01949 

.99981 

■03693 

99932 

.05437 

99853 

.07179 

99742 

53 

8 

.00333 

.01978 

.99980 

■03723 

9993' 

.05466 

99851 

.07308 

99740 

52 

9 

.00363 

.03007 

.99980 

.03752 

99930 

•0549s 

99849 

.07337 

99738 

5' 

lO 

.OOK)l 

.03036 

.99979 

.03781 

99929 

.05534 

99847 

.07266 

99736 

50 

II 

.003x0 

•99999 

.03065 

.99979 

.03810 

99927 

-05553 

99846 

.07395 

99734 

49 

12 

.00349 

.99999 

.02094 

.99978 

.03839 

99926 

-05582 

99844 

.07324 

9973' 

48 

'3 

.00378 

•99999 

.02133 

.99977 

.03868 

99925 

.05611 

99842 

.07353 

99729 

47 

'4 

.00407 

•99999 

.02132 

.99977 

.03897 

99924 

.05640 

99841 

.07383 

99727 

46 

■5 

.00436 

•99999 

.02181 

.99976 

.03926 

99933 

.05669 

99839 

.07411 

99725 

45 

i6 

.00465 

•99999  1 

.022II 

•99976 

-03955 

99922 

.05698 

99838 

.07440 

99723 

44 

'7 

•0049s 

•99999 

.03240 

.99975 

.03984 

99921 

.05727 

99836 

.07469 

99721 

43 

i8 

.00524 

.99999 

.02269 

■99974 

.04013 

999»9 

■05756 

99834 

.07498 

997'9 

42 

>9 

.OOS53 

.99998 

.02298 

■99974 

.04043 

99918 

.05785 

99833 

.07527 

99716 

41 

ao 

.00582 

•99998 

.02327 

.99973 

.04071 

999'7 

.05814 

99831 

.07556 

997'4 

40 

31 

.oo6n 

•99998 

.03356 

•99972 

.04100 

99916 

.05844 

99829 

.07585 

99713 

39 

32 

.00640 

•99998 

.02385 

-99972 

.04129 

999«5 

.05873 

99827 

.07614 

99710 

38 

23 

.00669 

•99998 

.02414 

•9997" 

■04159 

99913 

.0590a 

99826 

.07643 

99708 

37 

24 

.or  ,69a 

•99993 

.02443 

•99970 

.04188 

99912 

.05931 

99824 

.0767a 

99705 

36 

25 

.00737 

•99997 

.02472 

.99969 

.04217 

999'» 

.05960 

99822 

.07701 

99703 

35 

36 

.00756 

•99997 

.02501 

.99969 

.04346 

99910 

.05989 

99821 

.07730 

99701 

34 

27 

.00785 

•99997 

.02530 

.99968 

.04275 

99909 

.06018 

99819 

.07759 

99699 

33 

38 

.00814 

•99997 

.02560 

.90967 

.04304 

99907 

.06047 

99817 

.07788 

99696 

3a 

29 

.00844 

•99996 

.03589 

.99966 

.04333 

99906 

.06076 

9981S 

.07817 

99694 

3» 

30 

.00873 

•99996 

.02618 

.99966 

.04363 

99905 

.06105 

99813 

.07846 

99692 

30 

3' 

.00903 

•99996 

.02647 

.99965 

.04391 

99904 

.06134 

99813 

.07875 

99689 

a9 

32 

.00931 

•99996 

.03676 

.99964 

.04430 

99903 

.06163 

99810 

:07904 

99687 

38 

33 

.00960 

•99995 

.02705 

.99963 

.04449 

99901 

.06193 

99808 

■07933 

<»68s 

27 

34 

.00989 

•99995 

.03734 

•99963 

.04478 

w 

.06331 

99806 

.0796a 

99683 

36 

35 

.01018 

■99995 

.03763 

•99962 

.04507 

.06350 

99804 

.07991 

99680 

25 

36 

.01047 

•99995 

.03792 

.99961 

.04536 

99897 

.06379 

99803 

.08030 

99678 

24 

37 

.01076 

•99994 

.03831 

.99960 

.04565 

99896 

.06308 

99801 

.08049 

99676 

23 

38 

.01105 

99994 

.03850 

.99959 

•04594 

99894 

.06337 

99799 

.08078 

99673 

33 

39 

.01134 

-99994 

.03879 

-99959 

.04623 

99893 

.06366 

99797 

.08107 

99671 

ai 

40 

.01164 

•99993 

.03908 

•99958 

•04653 

99892 

.0639s 

99795 

.08136 

99668 

ao 

41 

.01193 

•99993 

.03938 

•99957 

.04683 

99890 

.06434 

99793 

.o8t65 

99666 

»9 

42 

.01 323 

•99993 

.03967 

.99956 

.04711 

99889 

-06453 

9979a 

.08194 

99664 

18 

43 

.01351 

•99992 

.03996 

.99955 

•04740 

99888 

.06483 

99790 

.08333 

9966. 

17 

44 

.01380 

■9999a 

.03035 

.99954 

■04769 

99886 

.06511 

99788 

.08353 

99659 

16 

45 

.01309 

•9999« 

.03054 

•99953 

.04798 

99885 

.06540 

99786 

.08381 

99657 

'5 

46 

.01338 

•9999« 

.03083 

•99952 

.04827 

99883 

.06569 

99784 

.08310 

99654 

«4 

47 

.01367 

.99991 

.0311a 

.99953 

.04856 

99883 

.06598 

99783 

.08339 

9965* 

13 

48 

.01396 

•9-)99o 

.03141 

.9995« 

.04885 

99881 

.06627 

99780 

.0S368 

99649 

ta 

49 

.01425 

•99'Wu 

.03170 

.99950 

.04914 

99879 
99878 

.06656 

99778 

.08397 

99647 

II 

50 

.01454 

•99989 

.03199 

.99949 

•04943 

.06685 

99776 

.08436 

99644 

10 

5« 

.01483 

•99989 

.03338 

.99948 

.04972 

99876 

.06714 

99774 

.08455 

9964a 

2 

52 

.01513 

•99989 

.03357 

.99947 

.OJOOl 

99875 

.06743 

99772 

.08484 

996W 

S3 

.0154a 

.99988 

.03286 

.99946 

.05030 

99873 

■06773 

99770 

.08513 

99637 

7 

54 

.01571 

.99988 

.03316 

.99945 

:^ 

99872 

.o68oa 

99768 

.0854a 

99635 

6 

55 

,01600 

.99987 

.03345 

•99944 

99870 

.06831 

99766 

.0857 « 

9963a 

5 

56 

.01639 

.99987 

•03374 

•99943 

.05117 

99669 

.ofiMn 

99764 

.08600 

99630 

4 

57 

.01658 
.01687 

.99986 

■03403 

-99942 

.05146 

99867 

.06889 

9976a 

.086*9 

996»7 

3 

S8 

.99986 

.0343a 

•9994« 

.05175 

99866 

.o6qx6 

99760 

.08658 
.08687 

996*5 

a 

59 

.01716 

•99985 

.03461 

-99940 

.osaos 

99864 

.06947 

99758 

996»a 

» 

60 

.01745 

•99985 

.03490 

•99939 

.05334 

99863 

.06976 

99756 

.08716 

99619 
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1  ' 

Cosine 

• 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

1 

8s 

°     1 

8S 

0 

87' 

> 

86' 

>     1 
1 

85° 
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5° 

6° 

7° 

8° 

9 

0 

1 

Sine  C 

.osine 

Sine  C 

osine 

Sine  C 

;osine 

Sine  C 

'osine 

Sine 

Cosine 

o 

.08716 

99619 

•10453 

99452 

.12187 

99255 

.13917 

99027 

.15643 

.98769 

60 

I 

.08745 

99617 

. 10482 

99449 

.12216 

99251 

.13946 

99023 

.15672 

.98764 

59 

2 

.08774 

99614 

. 10511 

99446 

.12245 

99248 

.13975 

99019 

.15701 

.98760 

58 

3 

.08803 

99612 

. 10540 

99443 

.12274 

99244 

.14004 

99015 

.15730 

.98755 

57 

4 

.08831 

99609 

.10569 

99440 

.12302 

99240 

.14033 

99011 

.15758 

•98751 

56 

5 

.08860 

99607 

•  10597 

99437 

.12331 

99237 

.14061 

99006 

.15787 

.98746 

55 

6 

.08889 

99604 

.10626 

99434 

. 12360 

99233 

.14090 

99002 

.15816 

.98741 

54 

7 

.08918 

99602 

.10655 

99431 

.12389 

99230 

.14119 

98998 

.15845 

.98737 

53 

8 

.08947 

99599 

.10684 

99428 

.12418 

99226 

.14148 

98994 

•15873 

.98732 

52 

9 

.08976 

99596 

.10713 

99424 

.12447 

99222 

.14177 

98990 

.15902 

.98728 

51 

lO 

.09005 

99594 

. 10742 

99421 

.12476 

99219 

.14205 

98986 

.15931 

.98723 

50 

II 

.09034 

99591 

.10771 

99418 

.12504 

99215 

. 14234 

98982 

.15959 

.98718 

49 

12 

.09063 

99588 

.10800 

9941S 

•12533 

992 II 

. 14263 

98978 

.15988 

•98714 

48 

13 

.09092 

99586 

. 10829 

99412 

.12562 

99208 

•14292 

98973 

.16017 

.98709 

47 

14 

.09121 

99583 

. 10858 

99409 

.12591 

99204 

.14326 

98969 

.16046 

.98704 

46 

15 

.09150 

99580 

.10887 

99406 

.12620 

99200 

.14349 

98965 

.16074 

.98700 

45 

16 

.09179 

99578 

.10916 

99402 

. 12649 

99197 

.14378 

98961 

.16103 

.98695 

44 

17 

.09208 

99575 

.10945 

99399 

.12678 

99193 

.14407 

98957 

.16132 

.98690 

43 

18 

.09237 

99572 

.10973 

99396 

.12706 

99189 

•  14436 

98953 

.16160 

.98686 

42 

19 

.09266 

99570 

.11002 

99393 

.12735 

99186 

.14464 

98948 

.16189 

.98681 

41 

20 

.0929s 

99567 

. 1103 I 

99390 

.12764 

99182 

.14493 

98944 

.16218 

.98676 

40 

21 

.09324 

99564 

.11060 

99386 

.12793 

99178 

.14522 

98940 

.16246 

.98671 

39 

22 

•09353 

99562 

.11089 

99383 

.12822 

9917s 

.14551 

98936 

.16275 

.98667 

38 

23 

.09382 

99559 

.11118 

99380 

.12851 

99171 

.14580 

98931 

.16304 

.98662 

37 

24 

.09411 

99556 

.11147 

99377 

. 12880 

99167 

.14608 

98927 

•16333 

.98657 

36 

25 

.09440 

99553 

.11176 

99374 

.12908 

99163 

•14637 

98923 

. 16361 

.98652 

35 

26 

.09469 

99551 

.11205 

99370 

.12937 

99160 

.14666 

98919 

.16390 

.98648 

34 

27 

.09498 

99548 

.11234 

99367 

.12966 

99156 

.14695 

98914 

.16419 

.98643 

33 

28 

.09527 

99545 

.11263 

99364 

•  12995 

99152 

•14723 

98910 

. 16447 

.98638 

32 

29 

.09556 

99542 

.11291 

99360 

.13024 

99148 

.14752 

98906 

.16476 

.98633 

31 

30 

•0958s 

99540 

.11320 

99357 

. 13053 

99144 

.14781 

98902 

.16505 

.98629 

30 

31 

.09614 

99537 

.11349 

99354 

.13081 

99141 

.14810 

98897 

•16533 

.98624 

29 

32 

.09642 

99534 

.11378 

99351 

.13110 

99137 

.14838 

98893 

.16562 

.98619 

28 

33 

.09671 

99531  • 

.11407 

99347 

•13139 

99133 

.14867 

98889 

.16591 

.98614 

27 

34 

.09700 

99528 

.11436 

99344 

.13168 

99129 

.14896 

98884 

.16620 

.98609 

26 

35 

.09729 

99526 

.11465 

99341 

.13197 

99125 

•  14925 

98880 

.16648 

.98604 

25 

36 

•09758 

99523 

.11494 

99337 

. 13226 

99122 

■14954 

98876 

.16677 

.98600 

24 

37 

•09787 

99520 

.11523 

99334 

•13254 

99118 

.14982 

98871 

.16706 

.98595 

23 

38 

.09816 

99517 

."552 

99331 

.13283 

99114 

•  1 501 1 

98867 

.16734 

.98590 

22 

39 

•0984s 

99514 

.11580 

99327 

.13312 

99110 

.15040 

98863 

.16763 

.98585 

21 

40 

.09874 

995" 

.11609 

99324 

•13341 

99106 

.15069 

98858 

. 16792 

.98580 

20 

41 

.09903 

99508 

.11638 

99320 

.13370 

99102 

.15097 

98854 

.16820 

•98575 

19 

42 

•09932 

99506 

.11667 

99317 

.13399 

99098 

. 15126 

98849 

.16849 

.98570 

18 

43 

.09961 

99503 

.11696 

99314 

.13427 

99094 

.15155 

98845 

.16878 

•98565 

17 

44 

.09990 

99500 

.11725 

99310 

•13456 

99091 

.15184 

98841 

. 16906 

.98561 

16 

45 

.10019 

99497 

.11754 

99307 

.13485 

99087 

.15212 

98836 

.16935 

.98556 

15 

46 

.10048 

99494 

.11783 

99303 

.13514 

99083 

.15241 

98832 

.16964 

•98551 

14 

47 

.10077 

99491 

.11812 

99300 

•13543 

99079 

.15270 

98827 

.16992 

•98546 

13 

48 

. 10106 

99488 

.11840 

99297 

.13572 

99075 

.15299 

98823 

.17021 

.98541 

12 

49 

.10135 

99485 

.11869 

99293 

.13600 

99071 

•15327 

98818 

.17050 

•98536 

II 

50 

. 10164 

99482 

.11898 

99290 

•  13629 

99067 

.15356 

98814 

.17078 

•98531 

10 

51 

.10192 

99479 

.11927 

99286 

.13658 

99063 

•15385 

98809 

.17107 

•98526 

t 

52 

.10221 

99476 

.11956 
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.13687 

99059 

•15414 

98805 

.17136 

.98521 
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. 10250 
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.11985 

99279 

.13716 

99055 

.15442 

98800 

.17164 

•98516 

7 

54 

. 10279 

99470 

.12014 

99=76 

•13744 

99051 

.15471 

98796 

.17193 

.98511 

6 

55 

.10308 

99467 

.12043 

99272 

.13773 

99047 

.15500 

98791 

.17222 

.98506 

5 

56 

•10337 

99464 

.12071 

99269 

. 13802 

99043 

.15529 

98787 

.17250 

.98501 

4 

57 

. 10366 

99461 

.12100 

99265 

•13831 

99039 

•15557 

98782 

.17279 

.98496 

3 

58 
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99458 

. 12129 
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99035 
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.98491 
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59 
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.13889 
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.12187 
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Cosine 
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Cosine 

Sine 

Cosine 

o 

.17365 

•98481 

.19081 
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•22495 

•97437 

.24192 

.97030 
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-98157 
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•97430 
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59 

3 

.17422 

.98471 
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.97803 
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•97424 

.34349 

.97015 

58 

3 
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.98466 
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.98146 

.30877 

-97797 
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•97417 
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57 

4 
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.98461 

•»9»95 

.98140 
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•974H 
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56 
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■98455 

!  ••9224 

.9813s 
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•97784 
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•97404 
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55 
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•97778 
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54 

7 
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.98134 
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53 
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•98440 
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9 
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•98435 
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If 

.17651 

.98430 

.19366 

.98107 
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.98435 
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.98101 
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.33807 
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•96952 

40 

12 

.17708 

.98420 

••9423 

.98096 
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•97742 

•22835 

-97358 

•2453' 

-96945 

48 

•3 

•7737 
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.98090 

-97735 

.33863 

•9735" 

-24559 

-96937 

47 

14 

.17766 

.98409 
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.98084 

.21189 

•97729 

.32893 

-97345 

•24587 

-96930 
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-•7794 

.98404 

.19509 

.98079 
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.3'850 

3-'3972 

-33783 

2.06004 

•35740 

2.79802 

30 

41 

•28077 

3.56159 

.29970 

3.33670 

.31883 

3-13656 

.338.6 

2-95721 

.35772 

2-79545 

«9 

42 

.28109 

3^5576i 

.30001 

3.333'7 

.3«9«4 

3-»334« 

-33848 

2-95437 

.35805 

2.79289 

18 

43 

.28140 

3 • 55364 

.30033 

3.33965 

.31946 

3->3027 

.33881 

:-95X55 

.35838 

2.79033 

17 

44 

.28172 

3^54963 

.30065 

3.32614 

.3 '978 

3.  "713 

.339x3 

2-94872 

.3587X 

2-78778 

16 

45 

.28203 

3^54573 

•30097 

3.32364 

.32010 

3.12400 

.33945 

2-9459X 

.35904 

2  78523 

«5 

46 

.28234 

3^54>79 

.30128 

3.3'9'4 

.32042 

3.12087 

.33978 

2-94309 

.35937 

2.78369 

14 

47 

.28266 

3-53785 

.30160 

3.3'565 

.32074 

3. "775 

.34010 

2.94038 

•35969 

2.78014 

13 

43 

.28297 

3^53393 

.30193 

3.31216 

.33106 

3. "464 

.34043 

2-93748 

.36003 

2-77761 

13 

49 

.28329 

3 •53001 

.30224 

3.30868 

.32139 

3-»"53 

.34075 

2.93468 

.36035 

2-77507 

II 

50 

.28360 

3^52609 

.30255 

3.30521 

.32171 

3.10843 

.34x08 

2.93189 

.36068 

2-77254 

10 

5' 

.38391 

3.52219 

.30387 

3.30174 

.3aao3 

3.10532 

.34x40 

3.93910 

.36101 

3.77003 

2 

52 

•28423 

3.51889 

.30319 

3.39829 

.32235 

3.10333 

•34x73 

3.93633 

.36x34 

3.76750 

8 

53 

•28454 

3-5«44i 

•3035' 

3.29483 

.32267 

3.099>4 

•34203 

2-92354 

.36167 

2.76498 

7 

54 

.284S6 

3-S'o53 

.30382 

3.29139 

.32299 

3.09606 

•34238 

2.93076 

.36199 

a. 76347 

6 

55 

.23517 

3.50666 

.30414 

3.28795 

•3233' 

3.09398 

•34270 

2-9x799 

.3623a 

2-75996 

5" 

•  ■      49 

3.50279 

.30446 

3-28452 

•32363 

3.o8(»« 

•34303 

2-9x533 

.36365 
.36a98 

2-75746 

,7 

.  _     ;  >i  > 

3.49894 

.30478 

3.38109 

•32396 

3.0868s 

•34335 

2.91246 

2 • 75496 

S' 

.  .•    ''12 

3.49509 

.30509 

3.27767 

•32428 

3.08379 

•34368 

3.90971 

:a 

3.75346 

59 

.2S643 

3.49133 

.30541 

3.27426 

.32460 

3.08071 
3.07768 

.34400 

3.90696 

2.74997 

60 

.28675 

3- 4874" 

.30573 

3.27085 

.3249a 

•34433 

3.90431 

.36397 

2.74748 

; 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotuig 

Tang 

t 

74° 

73° 

7^° 

7.°     1 

70° 

36 
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/ 

20° 

21° 

22° 

23° 

; 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

o 

.36397 

2.74748 

•38386 

2.60509 

•40403 

2.47509 

•42447 

2^35585 

.44523 

2 . 24604 

60 

I 

.36430 

2.74499 

. 38420 

2.60283 

.40436 

2.47302 

.42482 

2^35395 

.44558 

2.24428 

59 

3 

.36463 

2.74251 

•38453 

2.60057 

.40470 

2.47095 

.42516 

2 • 35205 

.44593 

2.24252 

58 

3 

.36496 

2.74004 

.38487 

2.59831 

.40504 

2.46888 

•42551 

2-35015 

.44627 

2.24077 

57 

4 

•36529 

2.73756 

•38520 

2.59606 

•40538 

2.46682 

•42585 

2.34825 

.44662 

2.23902 

56 

5 

•36562 

2.73509 

•38553 

2.59381 

.40572 

2.46476 

.42619 

2.34636 

•44697 

2.23727 

55 

6 

•36595 

2.73263 

•38587 

2^59156 

.40606 

2.46270 

.42654 

2.34447 

•44732 

2-23553 

54 

7 

.36628 

2.73017 

.38620 

2.58932 

.40640 

2 . 46065 

.42688 

2.34258 

•44767 

2-23378 

53 

8 

.36661 

2.72771 

.38654 

2.58708 

.40674 

2.45860 

.42722 

2.34069 

.44802 

2.23204 

52 

9 

.36694 

2.72526 

.38687 

2.58484 

.40707 

2.45655 

•42757 

2.33881 

•44837 

2.23030 

51 

lo 

•36727 

2.72281 

•38721 

2.58261 

.40741 

2 •45451 

.42791 

2.33693 

.44872 

2.22857 

50 

II 

.36760 

2 . 72036 

•38754 

2.58038 

•40775 

2.45246 

.42826 

2.33505 

•44907 

2.22683 

49 

12 

•36793 

2.71792 

.38787 

2.57815 

.40809 

2.45043 

.42860 

2.33317 

•44942 

2.22510 

48 

13 

.36826 

2.71548 

.38821 

^•57593 

.40843 

2.44839 

.42894 

2.33130 

•44977 

2.22337 

47 

M 

.36859 

2.71305 

.38854 

2 •57371 

.40877 

2.44636 

.42929 

2.32943 

•45012 

2.22164 

46 

15 

.36892 

2.71062 

.38888 

2^57150 

.40911 

2.44433 

.42963 

2.32756 

•45047 

2.21992 

45 

i6 

•36925 

2.70819 

.38921 

2.56928 

.40945 

2.44230 

.42998 

2.32570 

.45082 

2.21819 

44 

I? 

.36958 

2.70577 

•38955 

2.56707 

•40979 

2.44027 

.43032 

2 •32383 

.45117 

2.21647 

43 

i8 

.36991 

2.70335 

.38988 

2.56487 

.41013 

2.43825 

.43067 

2.32197 

.45152 

2.21475 

42 

19 

•37024 

2.70094 

.39022 

2.56266 

.41047 

2.43623 

.43101 

2.32012 

•45187 

2.21304 

41 

20 

•37057 

2.69853 

•3905s 

2 . 56046 

.41081 

2.43422 

.43136 

2.31826 

.45222 

2.21132 

40 

21 

.37090 

2.69612 

•39089 

2-55827 

.41115 

2.43220 

.43170 

2.31641 

•45257 

2.20961 

39 

22 

•37123 

2.69371 

.39122 

2.55608 

•41149 

2.43019 

•43205 

2.31456 

•45292 

2 . 20790 

38 

23 

•37157 

2.69131 

•39156 

2.55389 

.41183 

2.42819 

.43230 

2.31271 

•45327 

2. 20619 

37 

24 

•37190 

2.68892 

.39190 

2.55170 

.41217 

2.42618 

.43274 

2.31086 

•45362 

2.20449 

36 

2S 

•37223 

2.68653 

•39223 

2^54952 

.41251 

2.42418 

.43308 

2 . 30902 

•45397 

2.20278 

35 

26 

•37256 

2.68414 

•39257 

2^54734 

•41285 

2.42218 

.43343 

2.30718 

•45432 

2.20108 

34 

27 

.37289 

2.68175 

•39290 

2.54516 

.41319 

2.42019 

.43378 

2-30534 

•45467 

2.19938 

33 

28 

•37322 

2.67937 

•39324 

2.54299 

.41353 

2.41819 

.43412 

2.30351 

•45S02 

2.19769 

32 

29 

•37355 

2.67700 

•39357 

2 . 54082 

.41387 

2.41620 

.43447 

2.30167 

•45538 

2.19599 

31 

30 

•37388 

2.67462 

•39391 

2^53865 

.41421 

2.41421 

.43481 

2.29984 

•45573 

2.19430 

30 

31 

.37422 

2.67225 

•39425 

2.53648 

•4145s 

2.41223 

.43516 

2.29801 

.45608 

2.19261 

29 

32 

•37455 

2.66989 

.39458 

2 •53432 

.41490 

2.41025 

.43550 

2.29619 

•45643 

2.19092 

28 

33 

.37488 

2.66752 

•39492 

2.53217 

•41524 

2.40827 

.43585 

2.29437 

•45678 

2. 18923 

27 

34 

■37521 

2.66516 

•39526 

2.53001 

•41558 

2.40629 

.43620 

2.20254 

•45713 

2^18755 

26 

35 

•37554 

2.66281 

.39559 

2.52786 

•41592 

2.40432 

.43654 

2 . 29073 

.45748 

2.18587 

25 

36 

•37588 

2.66046 

•39593 

2.52571 

.41626 

2.40235 

.43689 

2.28891 

.45784 

2.18419 

.24 

37 

.37621 

2.65811 

. 39626 

2.52357 

.41660 

2.40038 

.43724 

2.28710 

.45819 

2.18251 

23 

38 

•37654 

2.65576 

. 39660 

2.52142 

.41694 

2.39841 

•43758 

2.28528 

.45854 

2.18084 

22 

39 

•37687 

2.65342 

.39694 

2.51929 

.41728 

2.39645 

•43793 

2.28348 

.45889 

2.17916 

21 

40 

•37720 

2.65109 

.39727 

2^5i7i5 

.41763 

2.39449 

•43828 

2.28167 

•45924 

2.17749 

20 

41 

•37754 

2.64875 

•39761 

2.51502 

.41797 

2.39253 

.43862 

2.27987 

.45960 

2.17582 

19 

42 

•37787 

2 . 64642 

•39795 

2.51289 

.41831 

2.39058 

•43897 

2.27806 

.45995 

2.17416 

18 

43 

.37820 

2.64410 

.39829 

2.51076 

.41865 

2.38863 

•43932 

2.27626 

.46030 

2.17249 

17 

44 

•37853 

2.64177 

•39862 

2.50864 

.41899 

2.38668 

.43966 

2.27447 

.46065 

2.17083 

16 

45 

.37887 

2^63945 

.39896 

2.50652 

•41933 

2.38473 

.44001 

2.27267 

.46101 

2. 16917 

15 

46 

.37920 

2.63714 

•39930 

2.50440 

.41968 

2.38279 

.44036 

2.27088 

.46136 

2.16751 

14 

47 

•37953 

2.63483 

.39963 

2.50229 

.42002 

2.38084 

.44071 

2.26909 

.46171 

2.16585 

13 

48 

•37986 

2.63252 

•39997 

2.50018 

.42036 

2.37891 

.44105 

2.26730 

. 46206 

2.16420 

12 

49 

. 38020 

2.63021 

.40031 

2.49807 

.42070 

2.37697 

.44140 

2.26552 

.46242 

2.16255 

II 

5° 

•38053 

2.62791 

.40065 

2.49597 

.42105 

2^37504 

•44175 

2.26374 

.46277 

2.16090 

10 

SI 

.38086 

2.62561 

.40098 

2.49386 

•42139 

2.37311 

.44210 

2.26196 

.46312 

2.15925 

9 

52 

.38120 

2.62332 

.40132 

2.49177 

■42173 

2.37118 

.44244 

2.26018 

.46348 

2.15760 

8 

53 

■38153 

2.62103 

.40166 

2.48967 

.42207 

2.36925 

•44279 

2.25840 

.46383 

2.15596 

7 

54 

.38186 

2.61874 

.40200 

2.48758 

.42242 

2.36733 

.44314 

2.25663 

.46418 

2.15432 

6 

55 

.38220 

2.61646 

.40234 

2.48549 

.42276 

2^36541 

•44349 

2.25486 

.46454 

2.15268 

5 

S6 

•38253 

2.61418 

.40267 

2.48340 

.42310 

2.36349 

.44384 

2.25309 

.46489 

2.15104 

4 

57 

.38286 

2.61190 

.40301 

2.48132 

■42345 

2.36158 

.44418 

2.25132 

.46525 

2 . 14940 

3 

58 

.38320 

2.60963 

•40335 

2.47924 

■42379 

2.35967 

•44453 

2.24956 

.46560 

2.14777 

3 

59 

•38353 

2.60736 

.40369 

2.47716 

■42413 

2.35776 

.44488 

2.24780 

.46595 

2.14614 

I 

60 

.38386 

2.60509 

•40403 

2.47509 

•42447 

2.35585 

•44523 

2 . 24604 

.46631 

2-14451 

0 

; 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

1 

69° 

68° 

67° 

66° 

65° 
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/ 

25^ 

26°          1 

2 

r 

2 

s° 

2 

f 

1 

Tang 

CotangI 

Tang 

Cotang 

Tang 

Cotang 

Tang 

1 

Cotang 

Tang 

Cotang 

o 

.46631 

2^I445I 

•48773 

2.05030 

•50953 

1.96361 

•53171 

.•88073 

•55431 

1.80405 

60 

t 

.46666 

2.14288 

.48809 

2.04879 

•50989 

I. 96120 

•53208 

I. 87941 

•55469 

1.80281 

59 

3 

.46702 

2.14125 

•48845 

2 .04728 

.51036 

1.95979 

•53246 

1.87809 

•55507 

1.80158 

58 

3 

•46737 

2.13963 

.48881 

3.04577 

.5.063 

1.95838 

•53283 

1.87677 

•55545 

1.S0034 

57 

4 

.46773 

2.13801 

.489.7 

3.04426 

.51099 

1.95698 

•53320 

1-87546 

•55583 

1.79911 

56 

5 

.46808 

2.13639 

•48953 

2.04276 

.51136 

I -95557 

•53358 

1.87415 

.55621 

1.79788 

55 

6 

.46843 

2.13477 

.48989 

2.04125 

.5"73 

I. 95417 

•53395 

1.87283 

•55659 

1.79665 

54 

7 

•46879 

3.13316 

.49036 

3.03975 

.51209 

1.95277 

•53432 

1.87152 

.55697 

1.79542 

53 

8 

•46914 

2.i3'54 

.49062 

2.03825 

.51246 

I. 95137 

.53470 

1.8702. 

.55736 

1.79419 

52 

9 

.46950 

2.13993 

.49098 

2.03675 

.51383 

1.94997 

.53507 

I. 86891 

.55774 

1.79296 

5' 

to 

•46985 

3.12833 

•49134 

2.03536 

•5'3i9 

1.94858 

•53545 

1.86760 

.558.3 

'•79174 

50 

II 

.47021 

2.12671 

.49170 

2.03376 

.51356 

1.94718 

•53582 

1.86630 

.55850 

1.79051 

49 

13 

.47056 

2.12511 

.49306 

2.03227 

.51393 

1-94579 

.53620 

1.86499 

.55888 

1.78939 

48 

13 

.47092 

2.12350 

.49243 

2.03078 

.51430 

1^94440 

•53657 

1.86369 

•55926 

.•78807 

47 

14 

.47128 

2.13190 

.49278 

3.02929 

.51467 

1 •94301 

•53694 

1.86239 

•55964 

1.78685 

46 

IS 

.47163 

2.13030 

•493»5 

2.02780 

.51503 

I. 94162 

•53732 

I. 86109 

.56003 

1.78563 

45 

16 

.47199 

2.11871 

•49351 

2.03631 

.5.540 

1.94023 

•53769 

1.85979 

•56041 

I. 78441 

44 

«7 

•47234 

3.11711 

•49387 

2.02483 

•51577 

1 •93885 

•53807 

1.85850 

•56079 

1.78319 

43 

18 

.47270 

2.11553 

•49423 

2.02335 

.5.6.4 

I ^93746 

•53844 

1.85720 

•56117 

1.78198 

42 

19 

•47305 

2.11392 

•49459 

2.02187 

.5.651 

1.93608 

.53882 

1-85591 

.56156 

1-78077 

4' 

30 

•47341 

3.11333 

•49495 

3.03039 

.5.688 

1.93470 

.53920 

1.85462 

•56194 

1-77955 

40 

31 

•47377 

3.1107s 

•49532 

3.01891 

•51724 

1-93332 

.53957 

1-85333 

•56332 

1-77834 

39 

32 

•474«2 

3.10916 

.49568 

2.01743 

.51761 

1-93195 

.53995 

1.85204 

.56370 

1-77713 

38 

23 

•47448 

2.10758 

.49604 

2.0.596 

.5.798 

1.93057 

.54032 

1.85075 

.56309 

1-77592 

37 

24 

•47483 

2.10600 

.49640 

2.01449 

•5.835 

1.92920 

.54070 

1.84946 

.56347 

1-77471 

36 

25 

•475'9 

2.10442 

•49677 

2.01302 

.51873 

1.92782 

.54107 

1.84818 

•56385 

1-77351 

35 

36 

•47555 

3.10284 

•49713 

2.01155 

.51909 

1 .92645 

.54145 

1.84689 

.56424 

1-77230 

34 

37 

•47590 

3.10126 

•49749 

2.0100S 

.5.946 

1.92508 

.54183 

1.8456. 

•56463 

I. 77110 

33 

38 

.47636 

2.09969 

.49786 

2.00862 

•5'983 

1.92371 

.54220 

1-84433 

.56501 

1.76990 

3» 

39 

.47663 

2.09811 

.49822 

2.00715 

.53030 

1.92235 

.54258 

1.84305 

•56539 

1.76869 

3' 

30 

.47698 

2.09654 

•49858 

3.00569 

•52057 

1.92098 

•54296 

1-84177 

•56577 

1.76749 

30 

31 

•47733 

2.09498 

•49894 

3.00423 

•5«o94 

1.91963 

■54333 

1.84049 

.566.6 

1.76639 

29 

3' 

•47769 

3.09341 

•49931 

2.00277 

•52131 

t. 91836 

.54371 

1-83923 

•56654 

I. 765 10 

38 

33 

•47805 

3.09184 

•49967 

3.00131 

.52168 

1.91690 

.54409 

1-83794 

•56693 

1-76390 

27 

34 

.47840 

3.09028 

.50004 

1.99986 

.52305 

'•9I554 

.54446 

1.83667 

-56731 

1.76371 

36 

35 

•47876 

2.08873 

.50040 

••99841 

.52243 

1.91418 

.54484 

1.83540 

.56769 

1.76151 

25 

36 

.47913 

3.08716 

.50076 

1.99695 

.52279 

1.91383 

.54522 

1.83413 

•56808 

1.76033 

»4 

37 

•47948 

3.08560 

.50:13 

1.99550 

.52316 

1.91147 

.54560 

1.83286 

.56846 

1-75913 

23 

38 

•47984 

3.08405 

.50.49 

1^99406 

•52353 

I. 91013 

.54597 

1.83159 

•5688s 

1-75794 

33 

y) 

.48019 

3 .08350 

.50.85 

1.99361 

•52390 

1.90876 

•5463s 

1.83033 

.56933 

1^75675 

31 

40 

.48055 

3.08094 

,50222 

1.99116 

•52427 

1.90741 
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THE  PROPERTIES  OF  SATURATED 
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86 

316.893 

287.096 

891.496 

1178.592 

.199781 

5.006 

312.5 

88 

318.510 

288.750 

890.335 

1179.085 

-204155 

4.898 

305-8 
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I 

0 

3 

4 

5 

6 

7 

3 

/ 

/ 

9 

L 

H 

W 

V 

R 

90 

320.094 

290.373 

889.196 

1179.569 

.208525 

4-796 

299-4 

92 

321.653 

291.970 

888.075 

1 180.045 

.212892 

4-697 

293.2 

94 

323- 183 

293-539 

886.972 

1 180.51 1 

.217253 

4.603 

287.3 

96 

324.688 

295.083 

885.887 

1180.970 

.221604 

4-513 

281  7 

98 

326.169 

296.601 

884.821 

1 181.422 

.225950 

4.426 

276.3 

iOO 

327625 

298.093 

883.773 

1181.866 

•230293 

4-342 

271. 1 

105 

331-169 

301-731 

881.214 

1182.945 

.241139 

4.147 

258.9 

no 

334.582 

305-242 

878.744 

1183.986 

-251947 

3-969 

247.8 

115 

337.874308.621 

876.371 

1 184.992 

.262732 

3.806 

237.6 

120 

341.0581311. 885 

874.076 

1185.961 

.273500 

3656 

228.3 

125 

344.136 

315-051 

871.848 

1186.899 

-284243 

3-518 

219.6 

130 

347-121 

318.121 

869.688 

1187.809 

.294961 

3-390 

21 1.6 

135 

350-015 

321.105 

867.590 

1188.695 

-305659 

3.272 

204.2 

140 

352.827 

324-003 

865.552 

1189.555 

-316338 

3-i6i 

197-3 

145 

355-562 

326.823 

863.567 

1190.390 

.326998 

3-05& 

190.9 

150 

358-223 

329.566 

861.634 

1191.200 

.337643 

2.962 

184.9 

160 

363-346 

334-850 

857.912 

1192.762 

.358886 

2.786 

173  9 

170 

368.226 

339892 

854-359 

1194.251 

.380071 

2.631 

164.3 

180 

372.8861344.708 

850.963 

1195.671 

.401201 

2.493 

155  6 

190 

377-352 

349- 329 

847-703 

1197.032 

.422280 

2.368 

147-8 

200 

381.636 

353- 766 

844.573 

1198.339 

•443310 

2.256 

140.8 

210 

385-759 

358- 041 

841-556 

1199-597 

-464295 

2.154 

134-5 

220 

389- 736 

362.168 

838.642 

1200.810 

-485237 

2.061 

128.7 

230 

393-575 

366.152 

835.828 

1201.980 

.506139 

1.976 

123  3 

240 

397-285 

370.008 

833-103 

1203.  Ill 

.527003 

1.898 

118.5 

250 

400.883 

373-750 

830.459 

1204.209 

•547831 

1.825 

114. 0 

260 

404.370 

377-377 

827.896 

1205.273 

.568626 

1-759 

109.8 

270 

407-755 

380.905 

825.401 

1206.306 

-589390 

1.697 

»o5.9 

280 

41 1.048 

384- 337 

822.973 

1207.310 

.610124 

1.639 

102.3 

290 

414.250 

387-677 

820.609 

1208.286 

.630829 

1.585 

99.0 

300 

417-371 

390.933 

818.305 

1209.238 

.651506 

1-535 

95-8 
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TABLES   AND    FORMULAS. 
MOMENTS  OF  INERTIA. 


Forjn  of 
Section. 


Dotted  Line  Shows  Position 
of  Neutral  Axis. 


1.  Rect- 
angle . . 


9.  Square  , 


3.  Axis 
through 
Diagonal 


i.  Hollow 
Square 

6.  Hollow 
Rect- 
angle, I 
or  Chan- 
nel Iron 

6.  Triangle 


7.  Cross... 


8.  Angle 
Iron.. 


tJ 


d* 


d* 


d*-d,* 


bd  -  di  </, 


-dd 


fd+f^d 


6d-6id, 


—  bd* 

12 


^d< 

12 


-.d* 


^(bd»-b,d,*) 


.bd* 


±Ud*  +  b/i*) 


(bd*  -  bjdi^)''-4bdbtdi(d-di)^ 
12(bd  -i,di) 


rOTdT 


3^ 


1^ 


d     b,d,/  d-d,  ^ 

2  "^    2    ^bd-6idi  ' 


9.  Circle.... 


10.  Hollow 
Circle.. 


11,  Ellipse. 


12.  Hollow 
Ellipse. 


_i 


-(d*  -  a',») 


-bd 


-(bd-b,d{) 


ltd* 
64 


ir(d*-d,*) 
64 


Tbd» 
64 


ir(bd*-b,d,*) 
64 
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BENDING  MOMENTS  AND  DEFLECTIONS. 


Manner  of  Supporting 
Beams. 


rrrrrmrrr^M 


Maximum 

Bending 

Moment,  Af. 


Wl 


/f',/,+  JF,/, 


2 


^+Wi 


Wl 
4 


JT^ 


8 


fe^'' 


8 


8 


» 


8     /:/ 


.  1  Wl*      1  «''/» 

O       XT  /     1 


Maximum 
Deflection,  s. 


Remarks. 


3    BJ 


Cantilever,  load  at  free 
end. 


Cantilever,  more  than 
one  load. 


antilever,  uniform 
load  w  lb.  per  unit 
of  length.     W  =  tv  I. 


Cantilever,  load  partly 
uniform,  p)artly  con- 
centrated. 


Simple   beam,  load   at 
middle. 


Simple  beam,  load  at 
some  other  point 
than  the  middle. 


5    W'l*  Simple       beam,      nni- 

SS   EI  fornily  loaded. 


3   £J^ 8    EJ 


1  Wl* 
4SEI 


.OlSJ 


EJ 


.0064 


W'l* 
EJ 


1    Wl* 


\    W'l* 
384~2T' 


ine  end  fixed,  other 
end  supported,  load 
in  the  middle. 


One  end  fixed,  other 
end  supptorted,  uni- 
formly loaded. 


Both   eniis   fixfil.  load 
in  tl; 


Both  ends    fixed,   uni- 
formly loaded. 
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TABLES   AND    FORMULAS. 


SPECIFIC  GRAVITIES  AND  W  EIGHTS 
PER   CUBIC   FOOT. 


METALS. 


Substance. 


Specific 
Gravity. 


Weight  per 
Cubic  Foot 
in  Pounds. 


Osmium 

Platinum   

Gold 

Mercury 

Lead  (cast) 

Silver 

Copper  (cast) 

Brass 

Wrought  Iron 

Cast  Iron 

Steel 

Tin  (cast) 

Zinc  (cast) 

Antimony 

Aluminum 

WOODS 


23.00 
21.50 
19.50 
13.60 

11-35 
10.50 

8.79 

8.38 

7.68 

7. 21 

7.84 

7.29 

6.86 

6.71 

2.50 


1,437-5 
1,343-8 
1,218.8 
S50.0 
709.4 
656.3 
549-4 
523-8 
480.0 
450.0 
490.0 

455-6 
428.8 
419.4 
156.3 


Substance. 


Weight  pel 
Cubic  Foot 
in  Pounds. 


Ash 

Beech  

Cedar 

Cork 

Ebony  (American) 

Lignum-vitae 

Maple 

Oak  (old) 

Spruce 

Pine  (yellow)  ...*.. 

Pine  (white) 

Walnut 


TABLES   AND    FORMULAS. 
LIQUIDS. 
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Substance. 


Specific 
Gravity. 


Weight 

per 

Cubic  Foot 

in  Pounds. 


Acetic  Acid 

Nitric  Acid 

Sulphuric  Acid 

Muriatic  Acid 

Alcohol 

Turpentine 

Sea  Water  (ordinary) 
Milk 


1.062 
1. 217 
1. 841 
1.200 
.800 
.870 
1,026 
1.032 


66.4 

76.1 

115.1 

750 
50.0 

54-4 
64. 1 

64- 5 


GASES. 

At  32°  F.,  and  under  a  Pressure  of  One  Atmosphere. 


Substance. 


Weight 

per 

Cubic  Foot 

in  Pounds. 


Atmospheric  Air 

Carbonic  Acid 

Carbonic  Oxide 

Chlorine 

Oxygen  

Nitrogen 

Smoke  (bituminous  coal) 

Smoke  (wood) 

*Steam  at  212°  1" 

Hydrogen 


.08073 

•12344 
.07810 
.  19700 
.08925 
.07860 
.00815 
.00727 
.03790 
•00559 


*  The  specific  gravity  of  steam  at  any  temperature  and  pressure  com- 
pared with  air  at  the  same  temperature  and  pressure  is  0.622. 
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TABLES   AND   FORMULAS. 
MISCELLANEOUS. 


Substance. 


Weight 

per 

Cubic  Foot 

in  Pounds. 


Emery 

Glass  (average) 

Chalk 

Granite 

Marble 

Stone  (common) 

Salt  (common) 

Soil  (common) 

Clay 

Brick 

Plaster  Paris  (average) 
Sand 


250 

175 
174 
166 
169 
158 

^33 
124 
121 
118 
125 
113 


MISCELLANEOUS  TABLES. 


SPECIFIC  HEATS  UNDER  CONSTANT 
PRESSURE. 


SOUDS. 


Copper 0.0951 

Gold 0.0324 

Wrought  Iron o.  1 1 38 

Steel  (soft) 0.1 165 

Steel  (hard) o.  1 1 75 

Zinc 0.0956 

Brass 0.0939 

Glass o.  1937 


Cast  Iron o.  1 298 

Lead 0.0314 

Platinum 0.0324 

Silver 0.0570 

Tin 0.0562 

Ice 0.5040 

Sulphur 0.2026 

Charcoal o.  2410 
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Water i.oooo 

Alcohol 0.7000 

Mercury '^■^333 

Benzine 0.4500 

Glycerine 0.5550 


Lead  (melted) 0.0402 

Sulphur  (melted) 0.2340 

Tin  (melted). 0.0637 

Sulphuric  Acid 0.3350 

Oil  of  Turpentine 0.4260 


GASES. 


Air 

Oxygen 

Nitrogen 

Hydrogen 

Superheated  Steam 
Carbonic  Oxide. .  . . 
Carbonic  Acid 


Constant  Pressure. 


0.23751 
0.21751 
o.  24380 
3.40900 
0.48050 
0.24790 
o.  40400 


Constant  Volume. 


o.  16847 

0-15507 
0.17273 
2.41226 
0.34600 
0.17580 
o- 15350 


VOLUMES    AXD    WEIGHTS    OF    GASES. 


Gas. 

Volume  of  one 
Pound  at  32° F. 
and  a  Tension 

of  I  Atmos- 
phere (14. 7  Lb. 

per  Sq.  In.). 
Cu.  Ft. 

Weight  of  one 
Cu.  Ft.  at  32°  F. 
and  a  Tension 

of  I  Atmos- 
phere (14.7  Lb. 

per  Sq.  In.). 
Lb. 

R. 

Air 

12.3S8 
'        11.2056 
12.7226 

I  78. 891 

1 

.08073 
.08925 
.0786 
•00559 

•3705a 
•3355' 
•38143 

Oxvtreii 

Nitrogen 

Hydrogen 

5- 34946 

»/.  K.     yi.—S7 


60 


TABLES   AND   FORMULAS. 


TEMPERATURES    OF    FUSION    AND 
VAPORIZATION. 


Substance. 

Tem- 
perature of 
Fusion. 

Tem- 
perature of 
Vaporiza- 
tion. 

Latent 
Heat  of 
Fusion. 

Latent  Heat 
of  Vapori- 
zation. 

Water 

Mercury 

Sulphur 

Tin 

-37-8° 
228.3° 
446° 
626° 
680° 
Unknown 
14° 

1400° 
2100° 
2192° 
2912° 

2520° 

4892° 

212° 
662° 
824° 

1900° 
173° 
313° 
600° 

3300° 
5000° 

142.65 

5-09 
13.26 

25-65 
9.67 

50-63 

966.6 
157 

Lead 

Zinc 

493 
372 
124 

Alcohol 

Oil  of  Turpentine 

Linseed  Oil 

Aluminum 

Copper 

Cast  Iron 

Wrought  Iron .  .  . 
Steel 

Platinum 

Iridium 

COEFFICIENTS     OF     EXPANSION. 


Name  of  Substance 

Cast  Iron 

Copper  

Brass 

Silver 

Bar  Iron   

Steel  (untempered). 
Steel  (tempered)  .  . . 

Zinc 

Tin 

Mercury 

Alcohol 

Gases 


Linear 
Expansion. 


Surface 
Expansion. 


Cubic 
Expansion. 


.00000617 
.00000955 
.00001037 
.00000690 
.00000686 
.00000599 
.00000702 
.00001634 
.00001410 
.00003334 
.00019259 


.00001234 
.00001910 
.00002074 
.00001390 
.00001372 
.00001 198 
.00001404 
.00003268 
.00002820 
.00006668 
.00038518 


.00001850 
.00002864 
.000031 12 
.00002070 
.00002058 
.00001798 
.00002106 
.00004903 
.00004229 
.00010010 
.00057778 
.00203252 
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UNITED  STATES  STANDARD  SCRE\:^^  THREADS. 

Diameter  of 
Screw  in  Inches. 

Number  of 

Diameter  at  Bot-JArea  at  Bottom  of 

Threads  per 
Inch. 

tom  of  Threads 
in  Inches. 

Threads  in 
Square  Inches. 

n 

^. 

a 

i 

20 

.185 

.0269 

A 

i8 

.240 

.0452 

f 

i6 

.294 

.0679 

7 

14 

•345 

•0935 

i 

13 

.400 

•1257 

tV 

12 

•454 

.1619 

t 

II 

•507 

.2019 

i 

lO 

.620 

.3019 

i 

9 

•731 

.4197 

I 

8 

.838 

•5515 

I* 

7 

•939 

.6925 

li 

7 

1.064 

.8892 

If 

6 

i.158 

1.0532 

li 

6 

1.283 

1.2928 

If 

5i 

1.389 

1-5153 

If 

5 

1.490 

1-7437 

li 

5 

1. 615 

2.0485 

2 

4i 

1. 711 

2.2993 

2i 

4i 

1. 961 

3-0203 

H 

4 

2^175 

3-7154 

2i 

4 

2425 

4.6186 

3 

3i 

2.629 

5.4284 

3i 

3i 

2.879 

6.5099 

3i 

3i 

3.100 

7-5477 

3J 

3 

3317 

8.6414 

4 

3 

3567 

9-9930 

4i 

-4 

3798 

11.3292 

4i 

2i 

4.027 

12.7366 

4i 

2f 

4-255 

14.2197 

5 

2i 

4.480 

15-7633 

5i 

2i 

4- 730 

17-5717 

5i 

=  f 

4-953 

19.2676 

Si 

2f 

5.203                   21.2617 

6 

2i 

5.423         1         23.0978 
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TABLES   AND   FORMULAS. 


STANDARD    DIMENSIONS    OF    WROUGHT -IRON 
STEAM,    GAS,    AND     WATER     PIPES. 


Nominal     ^, 
i  h 
Diameter    . 

in  Inches. 

ickness 
Inches. 

Actual 
Internal 
Diameter 

Actual 
External 
Diameter 

Threads 
per  Inch. 

Pitch  of 
Threads. 

in  Inches. 

in  Inches. 

« 

i 

o68 

.270 

•405 

27 

•037 

i 

o88 

•364 

•540 

18 

.056 

t 

091 

.494 

■675 

18 

-056 

i 

109 

.623 

.840 

14 

.071 

* 

113 

.824 

1.050 

14 

.071 

I 

134 

1.048 

1-315 

14 

.087 

li 

140 

1.380 

1.660 

Hi 

.087 

li 

145 

1. 611 

1.900 

Hi 

.087 

2 

154 

2.067 

2-375 

Hi 

.087 

2i 

204 

2.468 

2.875 

8 

.125 

3 

217 

3.061 

3-500 

8 

.125 

3i 

226 

3-548 

4.000 

8 

•125 

4 

237 

4.026 

4.500 

8 

,125 

4i 

247 

4.508 

5.000 

8 

-125 

5 

259 

5-045 

5-563 

8 

-125 

6 

280 

6.065 

6.625 

8 

-125 

7 

301 

7.023 

7.625 

8 

.125 

8 

322 

7.982 

8.625 

8 

-125 

9 

344 

9.001 

9.688 

8 

.125 

lO 

^66 

10.019 

10.750 

8 

•125 
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STANDARD    PIPE    FLANGES. 


Inside 
Diam. 

Thick- 

Diam. 

Length 

No.  of 

Thick- 

Diam. of 

Diam. 

of 
Pipe. 

ness  of 

of 

of 

Bolts. 

ness  of 

Bolt 

of 

Pipe. 

Bolts, 

Bolts. 

Flange. 

Circle. 

Flange. 

2.0 

.409 

1 

2.0 

4 

f 

4-75 

6.0 

2-5 

.429 

f 

2.25 

4 

u 

5-25 

7.0 

3-0 

.448 

f 

2-5 

4 

f 

6.0 

7-5 

3-5 

.466 

f 

2-5 

4 

H 

6.5 

8-5 

4.0 

.486 

1 

2.75 

4 

il 

7.25 

9.0 

4-5 

.498 

f 

30 

8 

H 

7.75 

9-25 

5 

•525 

1 

3-0 

8 

H 

8.5 

1 0.0 

6 

•563 

f 

3-0 

8 

I 

9.625 

II. 0 

7 

,600 

f 

3-25 

8 

XtV 

IO-75 

12.5 

8 

•639 

1 

3-5 

8 

li 

11-75 

13-5 

9 

.678 

1 

3-5 

12 

li 

13.0 

15-0 

10 

•713 

1 

3625 

12 

II^ 

14-25 

16.0 

12 

.790 

1 

3-75 

12 

li 

16.5 

19.0 

M 

.864 

I 

4-25 

12 

If 

18-75 

21.0 

15 

.904 

I 

4-25 

16 

If 

20.0 

22.25 

16 

.946 

I 

4-25 

16 

lA 

21.25 

23- 5 

18 

1.020 

li 

4-75 

16 

I A 

22.75 

25.0 

20 

1.090 

i| 

5-0 

20 

iH 

25.0 

27-5 

22 

1. 180 

li 

5-5 

20 

iH 

27.25 

29- 5 

24 

1.250 

^i 

5-5 

20 

i| 

29- 5 

32.0 

26 

1.300 

li 

5-75 

24 

•> 

31-75 

34- 25 

28 

1.380 

li 

6.0 

28 

2tV 

34-0 

36.5 

30 

1.480 

If 

6.25 

28 

2i 

36.0 

38.75 

z(> 

1.710 

If 

6.5 

32 

2f 

42.75 

45-75 

42 

1.870 

li 

7.25 

36 

2f 

49-5 

52.75 

48 

2.170 

I* 

7.75 

44 

2j 

56.0 

59-5 

64 


TABLES  AND  FORMULAS. 


LAP-WELDED  AMERICAN  CHARCOAL  IRON 
BOILER  TUBES. 


STANDARD   DIMENSIONS. 


a!   ^ 

I:  be 

.—1   u 

0 
u 

0 

Length  of 
Tube  per  sq.  ft. 
Inside  Surface. 

Length  of 

Tube  per  sq.  ft. 

Out.  Surface. 

Weight 
per  foot. 

In. 

In. 

In. 

In. 

In. 

Ft. 

Ft. 

Sq.  In. 

Sq.  In. 

Lb. 

I 

.072 

15 

.856 

2.689 

3-142 

4-463 

3.819 

■575 

•785 

.708 

li 

.083 

14 

1-334 

4-191 

4.712 

2.863 

2.547 

1.396 

1.767 

1.250 

2 

.098 

13 

1.804 

5.667 

6.283 

2. 118 

1.909 

2.556 

3.142 

X.981 

2i 

.  109 

12 

2.283 

7.172 

7-854 

1.673 

1.528 

4.094 

4.909 

2.755 

3 

.  109 

12 

2.783 

8.743 

9-425 

1-373 

1.273 

6.083 

7.069 

3-333 

3i 

.119 

II 

3.262 

10.248 

10.996 

1. 171 

1. 091 

8.357 

9.621 

4.272 

4 

.130 

10 

3-741 

11-753 

12.566 

1. 021 

-955 

10.992 

12.566 

5-320 

4i 

.130 

10 

4.241 

^3-323 

14-137 

.901 

-849 

14. 126 

15.904 

6.010 

5 

.  140 

9-5 

4.720 

14.828 

15.708 

.809 

.764 

17.497 

19-635 

7.276 

6 

•151 

9 

5-699 

17.904 

18.850 

.670 

•637 

25-509 

28.274 

9-346 

PROPORTIONS    OF    RIVETED    JOINTS. 


Thick- 

Diam- 

Diam- 

ness 

eter 

eter 

Pitch. 

Efficiencj 

r  of  Joint. 

of 

of 
Rivet. 

of 
Hole. 

Plate. 

/ 

d 

Single. 

Double. 

Single. 

Double. 

V 

r 

H' 

2' 

3' 

.66 

•77 

5  " 
TIT 

\v 

r 

2jV 

3V 

.64 

-76 

r 

r 

H' 

2r 

3V 

.62 

-75 

7 " 

T6 

\r 

r 

2tV 

3r 

.60 

•74 

V 

r 

\r 

2r 

3V 

-58 

•73 
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PROPORTIONS    OF    GEAR    TEETH. 

C  =  Circular  Pitch. 


Rough 
Cast  Gears. 


Cut 
Gears. 


Addendum o.  30  (T 

Root 0.40  6" 

"Whole  Depth.  = '  o.-jo  C 

Thickness  of  Tooth 0.48  C 

Width  of  Space j  o.  5  2  C" 


0.30  C 
0-35  (^ 

0.65  r 

0.495  <^ 
0.505  c 


RELATION    BETWEEN    DIAMETRAL    AND 
CIRCULAR    PITCH. 


Diametral 

Circular 

Circular 

Diametral 

Pitch. 

Pitch. 

Pitch. 

Pitch. 

2 

1. 571  inches. 

2       inches. 

I-57I 

2i 

1.396        " 

It           " 

1.676 

H 

1.257        " 

If 

1-795 

2f 

1. 142 

If 

1-933 

3 

1.047        - 

i^ 

2.094 

3^ 

.898 

ItV        " 

2.185 

4 
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If 

..285 

5 

.628 

lA      " 

-394 

6 

.524        " 

li 

2-513 

7 

•  449 

ItV        " 

2.646 

8 

.393        " 

I* 

2-793 

9 

.349        " 

ItV        •' 

2-957 

10 

.314        " 

I            " 

3- 142 

II 

.286 

H      " 

3  351 

12 

.262 

i       •' 

3-59° 

14 

.224 

\i      " 

3.867 

16 

.196 

1     } 

4.189 

18 

.175        " 

H      •• 

4  570 

20 

.157        " 

i 

5.027 
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BREAKING  STRENGTH  OF  AND  POWER  TRANS- 
MITTED BY  TVIRE  ROPES  (42  WIRES). 


Diam- 

Diam- 

Revolu- 

Breaking 

Horse- 

Velocity of 

eter  of 

eter  of 

tions 

Stress  of 

power 

Rope  in 

Ropes, 

Pulleys, 

per 

Rope  per 

Trans- 

Feet per 

Inches. 

Feet. 

Minute. 

Pound. 

mitted. 

Second. 

tV 
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4,260 

8.6 

26 
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5,660 

13-4 

31 
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7 

ICO 
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Zl.I 

36 
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IOC 
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27-5 

42 
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11,600 

33-0 

50 
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ICO 

11,600 

S^-9 

47 
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9 
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11,600 

62.2 

56 
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lO 

IOC 

15,200 

73-0 

52 

.  U 

lO 

I20 

15,200 

87.6 

62 

n 

lO 

140 

15,200 

r02.2 

73 

u 

12 

100 

15,200 

116. 7 

63 

f 

12 

120 

17,600 

148.9 

75 

f 

12 

140 

17,600 

173-7 

87 

f 

14 

100 

17,600 

185.0 

73 

f 

14 

120 

17,600 

222.0 

87 

f 

15 

120 

17,600 

300.0 

94 

SAFE    PRESSURE    ON    BEARINGS    AND    SLIDES. 

Pressure  per 

„.    ,     .  ,  ,  ^       .  Sq.  In.  of 

Kind  of  Journal  Bearing.  Projected 

Area,  p. 

Bearings  on  wliich  the  load  is  intermittent  and 
the  speed  slow,  such  as  crank-pins  of  shearing 
machines 3,000  lb. 

Cross-head  neck  journals 1,200  lb. 

Crank-pins  of  large,  slow-speed  engines.  . . .  800  to      900  lb. 

Crank-pins  of  marine  engines,  usually 400  to      500  lb. 

Main  crank-shaft  bearmgs— marine  engines  (slow)      600  lb. 
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Main  crank-shaft  bearings — marine  engines  (fast)  400  lb. 

Locomotive  driving-axle  journal 180  to  350  lb. 

Railway  journals 200  lb. 

Fly-wheel  shaft  journals 150  to  250  lb. 

Small  engine  crank-pins 150  to  200  lb. 

Slipper  slide  blocks,  marine  engines 100  lb. 

Stationary  engine  slide  blocks 25  to  125  lb. 

Stationary  engine  slide  blocks,  usually 30  to  60  lb. 

Propeller  thrust  bearings 50  to  70  lb. 

Shaft  in  cast-iron  steps  or  seats 15  lb. 
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EQUIVALENTS  OF  WIRES. 
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2-0 

4-3 

8-6 

16—9 

32-12 

64-15 

000 

2-1 

4-4 

8-7 

16—10 

32-13 

64—16 
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8-8 

1 6-1 1 

32-14 

64-17 

0 
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4-6 

8-9 

16-12 

32-15 
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2-4 

4-7 

8-10 

16-13 

32-16 
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2-5 

4-8 

8-1 1 

16—14 

32-17 
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2-6 

4-9 

8-12 

16-15 

32-18 

4 

2-7 

4-10 

8-13 

16-16 

5 

2-8 

4-1 1 

8-14 

16-17 

6 

2-9 

4-12 

8-15 

16-18 

7 

2-10 

4-13 

8-16 

8 

2-11 

4-14 

8-17 

9 

2-12 

4-15 

8-18 

10 

2-13 

4-16 

II 

2-14 

4-17 

12 

2-15 

4-18 

13 

2-16 

4-19 

14 

2-17 

15 

2-18 

16 

2—19 
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AMERICAN,  OH  B.  &  S.,  GAUGE. 


J2 

•0 

^ 

Resi 

stance  of  Pure  Copper 

0 

•S'o 

"5 
0 

0  <a 
fl,fe 

c 
3 
0 
1^ 

at  75" 

F. 

'A 

t, 

a 

*-  8 

0.^ 

E  8 

u 

0)  . 

be 

3 

V  H 

.s;^ 

+j  ^ 

p. 

01  . 

&•« 

11 
u 

< 

J3  8 

0  „' 

B  0 
.SO, 
0 

oooo 

460.  CXX) 

211,600.00 

639-33 

1-56 

.051 

19,605.69 

.0000708 

ooo 

409. 640 

167,805.00 

507.01 

1-97 

.064 

15.547-87 

•OOOI270 

oo 

364.800 

133,079.40 

402.09 

2.49 

.081 

12,330.36 

.0002020 

o 

324-865 

105.534.50 

319.04 

3-13 

.102 

9.783-63 

•  .0003200 

I 

289.300 

83,694.20 

252.88 

3-95 

.129 

7.754-66 

.0005100 

2 

257-630 

66,373.00 

200.54 

4-99 

.163 

6,149.78 

.0008110 

3 

229.420 

52,634.00 

159-03 

.  6.29 

.205 

4.876.73 

.0012890 

4 

204.310 

41,742.00 

126.12 

7-93 

.259 

3.867.62 

.0020500 

5 

181.940 

33,102.00 

100.01 

10.00 

.326 

3,067.06 

.0032600 

6 

162.020 

26,250.50 

79-32 

12.61 

.411 

2,432.22 

.0051800 

7 

144.280 

20,816.00 

62.90 

15.90 

•  519 

1,928.75 

.0082400 

8 

128.490 

16,509.00 

49.88 

20.05 

.652 

1,529.69 

.0131100 

9 

114.430 

13,094.00 

39-56 

25.28 

.824 

1,213.22 

.0208300 

lO 

101.890 

10,381.00 

31-37 

31.88 

1.040 

961.91 

.0331400 

II 

90.742 

8,234.00 

24.88 

40.20 

1.3" 

762.93 

.0526900 

12 

80.808 

6,529.90 

19-73 

50.69 

1-653 

605.03 

.0837700 

13 

71.961 

5,178.40 

15-65 

63.91 

2.084 

479.80 

.1332100 

14 

64.084 

4,106.80 

12.41 

80.59 

2.62?f 

380.51 

.2118000 

15 

57-068 

3,256.70 

9.84 

101,63 

3-314 

301.75 

.3368000 

i6 

50.820 

2,582.90 

7.81 

128.14 

4.179 

239.32 

.5355000 

17 

45-257 

2,048.20 

6.19 

161.59 

5.269 

189.78 

.8515000 

i8 

40.303 

1,624.30 

4.91 

203.76 

6.645 

150.50 

1.3539000 

19 

35-390 

1,288.10 

3-78 

264.26 

8.617 

116.05 

2.2772000 

20 

31.961 

1,021.50 

3-09 

324.00 

10.566 

94-65 

3.4230000 

21 

28.462 

810.10 

2.45 

408.56 

13-323 

75.06 

5.4430000 

22 

25-347 

642.70 

1-94 

515-15 

16.799 

59-53 

8.6540000 

23 

22.571 

509-45 

1-54 

649. 66 

21.185 

47-20 

13.7630000 

24 

20.100 

404.01 

1.22 

819.21 

26.713 

37-43 

21.8850000 

25 

17.900 

320.40 

•97 

1,032.96 

33-684 

29.69 

34.  7950000 

26 

15.940 

254-01 

•  77 

1,302.61 

42.477 

23-54 

55.3310000 

27 

14-195 

201.50 

.61 

1,642.55 

53-563 

18.68 

87.9790000 

28 

12.641 

159-79 

.48 

2,071.22 

67-542 

14.81 

139.8930000 

29 

11.257 

126.72 

•38 

2,611.82 

85.170 

11.74 

222.4490000 

30 

10.025 

100.50 

•30 

3.293-97 

107.391 

9-31 

353.7420000 

31 

8.928 

79-71 

•24 

4,152.22 

135-402 

7-39 

562.2210000 

32 

7-950 

63.20 

.19 

5,236.66 

170.765 

5-86 

894.2420000 

33 

7.080 

50.13 

.15 

6,602.71 

215.312 

4.64 

1,421.6460000 

34 

6.304 

39-74 

.12 

8,328.30 

271.583 

3.68 

2,261.8200000 

35 

5.614 

31-52 

.10 

10,501.35 

342.443 

2.92 

3,596.  io4(xxx) 

36 

5.000 

25.00 

.08 

13,238.83 

431-712 

2.32 

5,715.3600000 

37 

4-453 

19.83 

.06 

16.691.06 

544.287 

1.84 

9,084.7100000 

38 

3-965 

15-72 

-05 

20,854.65 

686.511 

1.46 

14,320.2600000 

39 

3-531 

12.47 

.04 

26,302.23 

865.046 

1. 16 

22,752.6000000 

40 

3-144 

9.89 

•03 

33.175-94 

1,091.865 

.92 

36,223.5900000 
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COPPER   WIRE    TABLE. 


Copper  Conductor. 

Single  Cotton-Covered 
Wire. 

Double  Cotton-Covered 
Wire. 

s  t.  «j 

c 
u 

0     g 

P- 

"1' 

li 

y 
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^1" 
'u 

B 
< 

0).- 

ES 

5 

is 
0 

5S  30- 
«.=  5  S. 

•SO  M*. 

^1 

£2 
a: 

^1 

0000 

460.000 

211,600.000 

0.04904 

472.000 

1.80 

3-60 

478.00 

1.70 

3.21 

000 ! 

4og.6oo 

167,800.000 

0.06182 

423.600 

2.08 

4.81 

429.00 

2.00 

4.44 

00 

364. 800 

133,100.000 

0.07798 

376.800 

2.38 

6.29! 

384.00 

2.32 

5.98 

0 

324-900 

105,500.000 

0.09833 

336.900 

2.72 

8.22' 

342-90 

2.65 

7.80 

I ! 

289.300 

83,690.000 

0.12400 

301.300 

3-07 

10.37 

30730 

2-99 

9-93 

2 

257.600 

66,370.000 

0.15640 

269.600 

3-48 

13-45 

275.60 

336 

12.54 

3 

229.400 

52,630.000 

0.19720 

241.400 

4.00 

17-33' 

247.40 

3.80 

16.04 

4 

204. 300 

41,740.000 

0.24860 

216.300 

4-52 

22. 70I 

226.40 

4.28 

20.35 

5 

181.909 

33,100.000 

0.31330 

193.900 

5-05 

27.22 

207.90 

4-83 

25.92 

6 

162.000 

26,250.000 

0.39530 

172.000 

5-60 

34- 84 

189.00 

5-44 

3245 

7 

144.300 

20,820.000 

0.49840 

154.300 

6.23 

43-12, 

173-30 

6.08 

41.07 

8 

128.500 

16,510.000 

0.62850 

137.500 

6.94 

53-51I 

157-50 

6.80 

51  38 

9 

114. 40Q 

13,090.000 

0. 79200 

122.400 

7-68 

65-53' 

142.50 

7.64 

64.96 

10 

101.900 

10,380.000 

0.99950 

117.900 

8-55 

81.22J 

127.90 

8.51 

80.47 

II 

90.740 

8,234.000 

1.25900 

96.740 

9.60 

102.40 

112.70 

958 

101.97 

12 

80.810 

6,530.000 

1.59000 

86.810 

10.80 

129.60 

94.80 

10.62 

125.30 

13 

71.960 

5,178.000 

2.00400 

77960 

12.06 

161.60 

80.96 

11.88 

156.80 

14 

64.080 

4,107.000 

2.52700 

70.080 

13-45 

201.00 

73- OS 

13.10 

190.70 

15 

57-070 

3,257.000 

3.18600 

63.070 

14.90 

246.60 

66.07 

14.68 

239^40 

16 

50.820 

2,583.000 

4.01800 

56.820 

16.60 

306.10 

59.82 

16.35 

•  300.00 

17 

45.260 

2,048.000 

5.06700 

51.260 

18.20 

368. 10 

54.26 

18.08 

363. 20 

18 

40.300 

1,624.000 

6.38900 

46.300 

20.20 

448.00 

49.30 

19.90 

440.00 

19 

35.890 

1,288.000 

8.29000 

41.890 

22.60 

567-10 

44.89 

21.83 

528.50 

20 

31.960 

1,022.000 

10.16000 

37.960 

25-30 

763-00 

40.96 

23.91 

63480 

21 

28.460 

810.100 

12.81000 

34-460 

28.60 

908.80 

3740 

26.20 

762. 70 

22 

25-350 

642.400 

16.17000 

31-350 

31-00 

1,065.00 

29.12 

28.58 

907.00 

23 

22.570 

509.500 

20.37000 

28.570 

34-30 

1,307.00 

30.60 

31.12 

1,075.00 

24 

20.100 

404.000 

25.69000 

26.100 

37-70 

1,579.00 

28.10 

33.60 

1,254.00 

25 

17.900 

320.400 

32.39000 

23.900 

41.50 

1,914.00 

25.90 

36.20 

1,45600 

26 

15.940 

254.100 

40.85000 

21.940 

45-30 

2,280.00 

23-94 

39.90 

1,770.00 

27 

14.200 

201.500 

51.50000 

20.200 

49-40 

2,711.00 

22.20 

42.60 

2,01600 

28 

12.640 

159.800 

64.94000 

18.640 

5400 

3,240.00 

20.64 

45-50 

2,300.00 

29 

ir.260 

126.700 

81.89000 

17.260 

58.80 

3,841.00 

19.36 

48.00 

2,560.00 

30 

10.030 

100.500 

103.20000 

16.030 

64.40 

4,608.00 

18.03 

51.10 

2,901.00 

31 

8.928 

79.700 

1 30. 20000 

14.930 

69.00 

5,290.00 

16.93 

56.80 

3.585-00 

32 

7950 

63.210 

164.20000 

13-950 

75.00 

6,250.00!  15.95 

60.20 

4.027.00 

33 

7.080 

50.130 

207.10000 

13.080 

81.00 

7,290.00!  15.08 

64.30 

4,594.00 

34 

6.305 

39-750 

261.10000 

12.310 

87.6fj 

8,527.c»:i  14.31 

68.60 

5,230.00 

35 

5-615 

31-520 

329. 20000 

11.620 

94-20 

9,860.00   13.61 

73.00 

5.921.00 

36 

5.000 

25.000 

415.20000 

11.000 

lOl.OO 

li,330.oo||  13.00 

78.50 

6.847.00 

37 

4-453 

19.830 

523.40000 

10.450 

108.00 

12,960.00:  12.45 

84.00 

7.392.00 

38 

3-965 

15.720 

660.00000 

9-965 

115.00 

13,580.00'  11.96 

89.10 

8.821.00 

39 

3-531 

12.470 

832.40000 

9-53> 

122.50 

16,670.00;  11.53 

95.00 

8.805.00 

40 

3»45 

9.888 

105.000001 

.  9-M5 

130.00 

18.780.001  II.  15 

102.50 

11,650.00 
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DIFFERENT  STANDARDS  FOR  WIRE  GAUGE  IN 
USE  IN  THE  UNITED  STATES. 

Dimensions  of  Wires  in  Decimal  Parts  of  an  Inch. 
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«4-  6 

0  be 

x)0 

n  0  5 

gaqM 

•_M 
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.4600 

000000 
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.4500 
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.460000 

•454 

•3930 

.4000 

0000 

ooo 

. 409640 

•425 

.3620 
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.3586 

000 

oo 

.364800 

.380 

.3310 

.3300 

.3282 

00 

o 

.324860 

•340 

.3070 

.3050 
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0 

I 

.289300 

.300 

.2830 

.2850 

•2777 

I 

2 

.257630 

.284 

.2630 

.2650 

.2591 

2 

3 

.229420 

•259 

.2440 

.2450 

.2401 

3 

4 

.204310 

.238 

.2250 

.2250 

.2230 

4 

5 

.181940 

.220 

.2070 

.2050 

.2047 

5 

6 

.162020 

.203 

.1920 

.1900 

.1885 

6 

7 

.144280 

.180 

.1770 

•1750 

.1758 

7 

8 

.128490 

.165 

.1620 

.1600 

.1605 

8 

9 

.114430 

.148 

.1480 

.1450 

.1471 

9 

lO 

.101890 

•134 

•  1350 

.1300 

.1351 

10 

II 

.090742 

.120 

.1200 

•I175 

.1205 

II 

12 

.080808 

.109 

.1050 

.1050 

.1065 

12 

13 

.071961 

■  095 

.0920 

.0925 

.0928 

13 

14 

.064084 

.083 

.0800 

.0800 

.0816 

.08300 

14 

15 

.057068 

.072 

.0720 

.0700 

.0726 

.07200 

15 

i6 

.050820 

.065 

.0630 

.0610 

.0627 

.06500 

iG 

17 

•045257 

.058 

.0540 

.0525 

.0546 

.05800 

17 

i8 

.040303 

•049 

.0470 

.0450 

.0478 

.04900 

18 

19 

.035890 

.042 

.0410 

.0400 

.0411 

.04000 

19 

20 

.031961 

.035 

.0350 

.0350 

•0351 

.03500 

20 

21 

.028462 

.032 

.0320 

.0310 

.0321 

.03150 

21 

22 

■025347 

.028 

.0280 

.0280 

.0290 

.02950 

22 

23 

.022571 

.025 

.0250 

.0250 

.0261 

.02700 

23 

24 

.020100 

.022 

.0230 

.0225 

.0231 

.02500 

24 

25 

.017900 

.020 

.0200 

.0200 

.0212 

.02300 

25 

26 

.015940 

.018 

.0180 

.0180 

.0194 

.02050 

26 

27 

.014195 

.016 

.0170 

.0170 

.0182 

•01875 

27 

28 

.012641 

.014 

.0160 

.0160 

.0170 

.01650 

28 

29 

.011257 

.013 

.0150 

.0150 

.0163 

.01550 

29 

30 

.010025 

.012 

.0140 

.0140 

.0156 

.01375 

30 

31 

.008928 

.010 

•0135 

.0130 

.0146 

.01225 

31 

32 

.007950 

.009 

.0130 

.0120 

.0136 

•OII25 

32 

33 

.007080 

.008 

.0110 

.0110 

.0130 

.01025 

33 

34 

.006304 

.007 

.0100 

.0100 

.0118 

.00950 

34 

35 

.005614 

.005 

.0095 

.0095 

.0109 

.00900 

35 

36 

.005000 

.004 

.0090 

.0090 

.0100 

.00750 

36 

37 

.004453 

.0085 

.0085 

•  0095 

.00650 

37 

38 

.003965 

.0080 

.0080 

.0090 

.00575 

38 

39 

•003531 

•0075 

.0075 

.0083 

.00500 

39 

40 

.003144 

.0070 

.0070 

.0078 

.00450 

40 
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ENERGY  EQUIVALENTS. 

Heat  Energy.  Mechanical  Energy.  Electrical  Energy. 

i-oooooo  B.T.U.  =  778.0000  foot-pounds  =1,055.2000  joules. 
.001285  B.T.U.=  1. 0000 foot-pound  =  1.3563 joules. 
.0009477  B.T.U.=        .7373  foot-pound    =        i. 0000  joule. 


TEMPERATURE  CONSTANTS. 

The  following  is  a  table  giving  the  constants  by  which  the 
resistance  of  a  copper  conductor  (at  the  observed  tempera- 
ture) must  be  multiplied  to  correct  its  resistance  to  75°  F. : 


u    en 

I-.  bo 
an 
S  c 

u 

0 

y 
a 

in  V 

2 

2  S 

B   c 
6h 

u 

0 

y 

2  S 

Factor. 

100 

9484 

82 

9853 

64 

1.0236 

46 

1.0634 

99 

9504 

81 

9874 

63 

1.0258 

45 

1.0657 

98 

9524 

80 

9895 

62 

1.0280 

44 

1.0679 

97 

9544 

79 

9916 

61 

1. 0301 

43 

1.0702 

96 

9564 

78 

9937 

60 

1.0323 

42 

1.0725 

95 

9585 

77 

9958 

59 

1-0345 

41 

1.0748 

94 

9605 

76 

9979 

58 

1.0367 

40 

1. 0771 

93 

9626 

75   I 

0000 

57 

1.0389 

39 

1.0793 

92 

9646 

74   I 

002 1 

56 

I.0411 

38 

1. 0816 

91 

9666 

73   I 

0042 

55 

I- 0433 

37 

1.0839 

90 

9687 

72   I 

0064 

54 

I-0455 

36 

X.0862 

89 

9708 

71   I 

0085 

53 

1.0478 

35 

1.0885 

88 

9728 

70   I 

0106 

52 

1.0500 

34 

1.0908 

87 

9749 

69   I 

0128 

51 

1.0522 

33 

1.0932 

86 

9769 

68   I 

0149 

SO 

1.0544 

32 

1.0954 

85 

9790 

67   I 

oi6o 

49 

1.0567 

84 

9811 

66   I 

0193 

48 

1.0589 

83 

9832 

65   I 

0214 

47 

1. 0613 
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The  following  is  a  table  for  the  temperature  correction  of 
copper  wire.      It  is  based  on  Matthiessen's  standard. 


Resistance 
per  Mil- 
Foot  in 
Legal 
Ohms. 


lo.oo 
lo.  lo 
lo.  20 
10.30 
10.40 
10.50 


Tempera- 
ture in 
Degrees 
F. 


50.47 
55-15 
59-79 
64.40 

68.97 
73-51 


Resistance 
per  Mil- 
Foot  in 
Legal 
Ohms. 


10.60 
10.70 
10.80 
10.90 
11.00 


Tempera- 
ture in 
Degrees 
F. 


78.01 
82.47 
86.90 
91-31 
95-69 


Resistance 
per  Mil- 
Foot  in 
Legal 
Ohms. 


1 1. 10 
1 1.  20 
11.30 
1 1.40 
11.50 


Tempera- 
ture in 
Degrees 
F. 


100.04 
104.36 
108.64 
112.90 
117. 14 


RESISTANCE    OF    COPPER    WIRE. 

Resistance   in   B.  A.    units  of   copper   wire  1    foot  long, 
weighing  i  grain.    . 


Tempera- 

Tempera- 

Tempera- 

ture in 

Resist- 

ture in 

Resist- 

ture in 

Resist- 

Degrees 

ance. 

Degrees 

ance. 

Degrees 

ance. 

F. 

F. 

F. 

32.0 

.2064 

66.2 

.2220 

84.2 

•2305 

41.0 

.  2102 

68.0 

.2228 

86.0 

-2313 

50.0 

.2144 

69.8 

.2237 

87.8 

.2322 

51-8 

•2153 

71.6 

.2242 

89.6 

.2328 

53-6 

.2161 

73-4 

•2253 

91.4 

.2340 

55-4 

.2170 

75-2 

.2262 

93-2 

.2348 

S7-2 

.2178 

77.0 

.2271 

95-0 

•2357 

59-0 

.2186 

78.8 

.2279 

96.8 

•2365 

60.8 

.2194 

80.6 

.2287 

98.6 

.2376 

62.6 

.2203 

82.4 

.  2296 

100.4 

•2383 

64.4 

.2211 
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B 


Watts  Expended 
per  Cubic  Inch, 
I  Cycle  per  Sec 


25,800 

.002320 

32,250 

.002715 

38,700 

.004340 

45,150 

.005320 

51,600 

.006370 

64,500 

.009040 

77,400 

.011920 

90,300 

.015180 

103,200 

.018780 

109,650 

.022850 

116,100 

.028150 

TESTS    OF    WIRE. 


Mechanical. 

Electrical. 

a    . 

d  0 
M    ^ 
ki    S 
«  d 

SO 

«       . 

a   C 

a  :3 

u 

11 

be  n' 

c  -a 

ti. 

0 

3 

a 
0 

t 

S<2 
if 

B  «o 
55| 

si 

^5 

1 

5  ~ 

u 

II 

.2  0 

E.  B.  B.  12 

190.83 

11.50 

15.00 

417.50 

11,552.20 

14.40 

30.50 

E.  B.  B.    8 

381.66 

17.70 

26.50 

937- 50 

12,930.50 

17-30 

12.67 

E.  B.  B.  11 

222.64 

17.20 

21.50 

577-50 

13,639.40 

15.60 

24.20 

,M9i 

282.80 

IO.OO 

26.50 

770.00 

14.375.90 

21.90 

16.10 

i:.  H.  B.  10 

25444 

17.70 

28.50 

697.50 

14.478.10 

17.80 

1S.42 

u.9i 

2S7.50 

16.00 

29.00 

832.50 

15,288.86 

21.90 

16.10 

E.  B.  B.  6 

508.88 

11.40 

21.50 

1,53*7.50 

16.462.40 

17.70 

9.21 

E.  B.  B.  9 

318.05 

19.30 

17.50 

1.007.50 

16,725.10 

16.90 

»5.54 

Nashua  8 

381.66 

15.10 

26.50 

1,535.00 

21,183.00 

14.70 

15.00 

M.  S.  plain  6 

528.00 

10.40 

19.50 

2.137.50 

21.37500 

13.50 

11.78 

««8 

378.10 

10.00 

31.00 

1,635.00 

22,301.40 

16.50 

16.10 

A.  H.  9i 

293.50 

16.00 

27.50 

1,257.50 

22,635.00 

15.10 

22.70 
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GALVANIZED    IROX   WIRE. 

The  following  table  gives  the  sizes  and  principal  proper- 
ties of  three  grades  of  galvanized  iron  wire.  The  sizes  are 
according  to  the  Birmingham  Wire  Gauge,  which  is  most 
commonly  used  in  connection  with  iron  wire: 


6 

c 

5^ 

u 
0     II 

c  S 

0 
< 

Weight  in 
Pounds. 

Breaking 

Strengths  in 

Pounds. 

Resistance  per 

Mile. 

(a 

S  ' 
'A 

1,000 
Feet. 

One 
Mile. 

Iron. 

Steel. 

E.  B.  B. 

B.  B. 

Steel. 

O 

340 

115,600 

304-0 

1,607 

4,821 

9.079 

2-93 

.3-42 

4-05 

I 

300 

90,000 

237-0 

1,251 

3.753 

7,068 

3- 76 

4.40 

5-20 

2 

284 

80,656 

212.0 

1,121 

3,363 

6.335 

4.19 

4.91 

5- 80 

3 

259 

67,081 

177.0 

932 

2,796 

5,268 

5-04 

5-90 

6-97 

4 

238 

56,644 

149.0 

787 

2,361 

4.449 

5-97 

6.99 

8.26 

5 

220 

48,400 

127.0 

673 

2,019 

3,801 

6.99 

8.18 

9.66 

6 

203 

41,209 

109.0 

573 

I.719 

3.237 

8.21 

9.60 

11-35 

7 

180 

32,400 

85.0 

450 

1.350 

2.545 

10.44 

12.21 

14-43 

8 

165 

27,225 

72.0 

378 

1. 134 

2,138 

12.42 

14-53 

17.18 

9 

148 

21,904 

58.0 

305 

915 

1,720 

15-44 

18.06 

21.35 

lO 

134 

17.956 

47.0 

250 

750 

1,410 

18.83 

22.04 

26.04 

II 

120 

14,400 

38.0 

200 

600 

1,131 

23.48 

27.48 

32-47 

12 

109 

11,881 

31.0 

165 

495 

933 

28.46 

33-30 

39-36 

13 

95 

9.025 

24.0 

125 

375 

709 

37-47 

43-85 

51.82 

14 

83 

6,889 

18.0 

96 

288 

541 

49.08 

57-44 

67.88 

15 

72 

5.184 

13-7 

72 

216 

407 

65-23 

76-33 

90.21 

i6 

65 

4.225 

II. I 

59 

177 

332 

80.03 

93-66 

110.70 

17 

58 

3.364 

8.9 

47 

141 

264 

100.50 

120.40 

139.00 

i8 

49 

2,401 

6-3 

33 

99 

189 

140.80 

164.80 

194.80 

SAFE  CARRYING  CAPACITY  OF  CONDUCTORS. 

The  amount  of  current  which  a  wire  may  carry  in 
practice  is  limited  by  the  temperature  which  it  will 
acquire  by  the  passage  of  such  current.  The  insurance 
corporations  of  this  country  have  decided  that  the  tem- 
perature of  a  wire  carrying  current  should  never  exceed 
10°  C,  or  18°  F.,  above  the  surrounding  air. 
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Though  this  limit  is  often  exceeded  in  practice,  it  is  che 
standard  for  good  work,  and  the  following  table  therefore 
gives  the  amount  of  current  in  amperes  that  a  wire  under 
certain  conditions  may  carry  without  having  its  tempera- 
ture raised  beyond  the  limit: 


Amperes. 

Number 

in 
B.  &  S. 

1 
I 
Circular 
Mils. 

Amperes. 

Number 

in 
B.  &  S. 

Circular 

Mils. 

• 

1,000.00 

2, 160,900 

61.00 

3 

52,634 

900.00 

1,876,900 

52.00 

4 

41.742 

800.00  1      .  . 

1,612,900 

43.00 

5 

33,102 

700.00  '      .  . 

1,345,600 

36.00 

6 

26,244 

600.00 

1, 100,401 

30.00 

7 

20,822 

550  0° 

976,144 

25.00 

8 

16,512 

500.00- 

861,184 

22.00 

9 

13,110 

475-00 

804,609 

18.00 

10 

10,381 

450.00  i 

748,225 

15.00 

1 1 

8,226 

425.00  1      .. 

692,224 

12.00 

12 

6,528 

400.00        .  . 

640,000 

10.50 

»3 

5,184 

375-00 

586,756 

9.00 

14 

4,110 

350.00 

535,824 

7-25 

15 

3,260 

32500 

485,809 

6.00 

16 

2,581 

300.00 

. 

435,600 

5-50 

17 

2,044 

275.00  1      .  . 

388,129 

4.00 

18 

1,624 

250.00 

342,225 

3-25 

19 

1,253 

225.00 

297,025 

2.75 

20 

1,024 

200.00 

254,016 

2.25 

21 

820 

174.00 

0000 

211,600 

2.00 

22 

626 

147.00 

000 

167,805 

1-75 

23 

510 

124.00 

00 

133,079 

150 

24 

404 

103.00 

0 

105,592 

125 

25 

320 

87.00 

I 

83,694 

1. 00 

26 

^54 

V.vOo 

2 

66,373 

.1/.  /;.    y/.—ji) 
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VALUES  OF   B,  H,  AND  /i  FOR   IRON   AND  STEEL. 


Gray  Cast  Iron. 


B 

H 

/^ 

10,000 

64 

156.3 

20,000 

105 

190-5 

30,000 

164 

182.9 

40,000 

262 

152-9 

50,000 

430 

116. 3 

60,000 

718 

83.6 

65,000 

1,030 

63-1 

Sheet  Iron — Annealed. 


B 

H 

M 

10,000 

16 

625.0 

20,000 

23 

869.6 

30,000 

28 

1,071.4 

40,000 

33 

1,212.  I 

50,000 

42 

1,190.4 

60,000 

53 

1,132.0 

70,000 

68 

1,029.4 

80,000 

94 

851.0 

90,000 

138 

652.2 

100,000 

214 

4673 

110,000 

374 

294.1 

120,000 

725 

165-5 

125,000 

1,075 

I16.3 

Cast  Steel — Unannealed. 


B 

H 

M 

10,000 

18 

555-5 

20,000 

28 

714-3 

30,000 

35 

857-1 

40,000 

43 

930.2 

50,000 

54 

925-9 

60,000 

72 

833-3 

70,000 

99 

707.1 

80,000 

146 

547-3 

90,000 

225 

400.0 

100,000 

375 

266.6 

110,000 

730 

150-7 

115,000 

1,015 

^^3-3 

Wrought-Iron  Forgingjs. 


B 

H 

M 

10,000 

12.0 

833-3 

20,000 

15.0 

1,333-3 

30,000 

18.8 

1,595-7 

40,000 

23-0 

1,739-1 

50,000 

30.0 

1,666.6 

60,000 

44-0 

1,3^3-^ 

70,000 

65.0 

1,076.9 

80,000 

104.0 

769.2 

90,000 

200.0 

450.0 

100,000 

430.0 

232.6 

105,000 

630.0 

166.6 

110,000 

1,035.0 

106.3 
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DEPOLARIZING  EFFECT  OF  VARIOUS 
SUBSTANCES. 


Substance. 
Solids. 

E.  M.  F. 
Volts. 

Substance. 
Liquid. 

E.  M.  F. 
Volts. 

MnO  ^{ordinary) 

PI,  O 

■33 
.81 

HNO^       (c  0  n  c  e  n- 
trated) 

•35 
•47 

.64 

H  CrO   

^ 

1         4 
CI  gas  dissolved   in 

water.. 

THE   ELECTRIC  SERIES. 


1.  Fur. 

2.  Flannel. 

3.  Ivory. 

4.  Crystals. 

5.  Glass. 


G.  Cotton. 

7.  Silk. 

8.  The  body. 

9.  Wood. 
10.  Metals. 


11.  Sealing-wax. 

12.  Resin. 

13.  Sulphur. 

14.  Gutta-percha. 

15.  Guncotton. 


CONDUCTORS  AND    INSULATORS    IN    ORDER  OF 
THEIR  VALUE. 


Conductors. 

Insulators  (N 

an-Conductors). 

Silver. 

Dry  Air. 

Glass. 

Copper. 

Shellac. 

Mica. 

Other  Metals. 

Paraffin. 

Ebonite. 

Charcoal. 

Amber. 

India-rubber. 

Plumbago. 

Resin. 

Silk. 

Moist  Earth. 

Sulphur. 

Paper. 

Water. 

Wax. 

Oils. 

A  general  idea  of  these  values  may  be  obtained  from  the 
fact  that  zvater  has  6,754  million  times  greater  resistance 
than  copper. 

INSULATORS    IN   ORDER  OF  THEIR    INDUCTIVE 
CAPACITY  VALUES. 

Glass.  India-rubber.  Air, 

Shellac.  Petroleum.  Hydrogen. 

Sulphur.  Paraffin  (solid).  Vacuum. 

Ebonite.  Carbonic  Acid. 
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THE  ELECTROMOTIVE  SERIES. 

1.  +  Sodium.        5.   Tin.  9.   Gold. 

2.  Magnesium.     6.   Iron.  10.   Platinum. 

3.  Zinc.  7.   Copper.      11.    —  Graphite  (carbon). 

4.  Lead.  8.   Silver. 


THE  PRINCIPAL  ELEMENTS. 


Name  of  Element. 


Sym- 
bol. 


Atomic 
Weight. 


Valency. 


Chemical 
Equiva- 
lent. 


6. 
Electro- 
chemical 
Equivalent. 
Grams  per 
Coulomb. 


Aluminum 
Antimony 
Arsenic  .. . 
Barium.  .  . 
Bismuth  . . 
Boron  .... 

Bromine . . 

Cadmium. 
Calcium.. . 
Carbojt  .  . . 

Chlorine .  . 

Chromium 

Cobalt   .  .  . 

Copper. . .  . 

Fluorine  . . 

Gold 

Hydrogen  . 


Al 
Sd 
As 
Ba 
Bi 
B 

Br 

Cd 
Ca 

C 

CI 

Cr 

Co 

Cu 

Fl 

Au 
H 


27.00 
120.00 

75.00 
137.00 
208.90 

11.00 

79-95 

112.00 
40.00 
12.00 

35-45 
52.10 

59.00 
63.40 
19.00 

197.30 
1. 00 


III 
V 
V 
II 
V 

III 
3     I 

(  VII 

II 

II 

IV 

\  I 

(  VII 

i  " 

(    VI 

]  '' 

I  VIII 

j  I 

'  II 

j  I 

\   VII 

S     I 

I  III 
I 


9.00 
24.00 

15.00 
68.50 

41.78 

3-66 

79-95 
1 1.42 
56.00 
20.00 
3.00 

35-45 

5-07 

26.05 

7-44 
29.50 

7-38 
63.40 

3170 
19.00 

2-57 

197-30 

65-77 

1. 00 


.00009324 
.00024860 
■00015540 
.00070960 
.00043280 
.00003792 
.00082100 
.00011840 
.00058020 
.00020720 
.00003098 
.00036730 
.00005252 
.00026990 
.00007708 
.00030560 
.00007646 
.00065680 
.00032840 
.00019680 
.00002663 
.00204400 
. 00068 I 40 
.00001036 


U'O 
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THE    PRINCIPAL    ELEMENTS— <7^;//^;^^^r^. 


Name  of  Element. 


2. 

3- 

4- 

5- 

Sym- 
bol. 

Atomic 
Weight. 

Valency. 

Chemical 
Equiva- 
lent. 

/ 

125-85 

I 
VII 

125-85 
17.98 

Fe 

56.00 

II 

IV 

28.00 
14.00 

Pb 

206.95 

II 

IV 

103.48 

51-74 

Mg 

24.30 

II 

12.15 

Mn 

55-00 

II 

VII 

27.50 
7.86 

Hg 

200.00 

I 

II 

200.00 
100.00 

Ni 

58.00 

II 

VIII 

29.00 
7-25 

N 

14.03 

V 

2.81 

0 

16.00 

II 

VI 

8.00 
2.67 

P 

31.00 

V 

6.20 

Pt 

195.00 

II 

IV 

97-50 
48-75 

K 

19-'^^ 

I 

39-11 

Se 

79.00 

II 

VI 

39-50 
13-17 

Si 

28.40 

IV 

7.10 

Ag 

107.90 

I 

107.90 

Na 

23-05 

I 

23-05 

Sr 

87.60 

II 

43.80 

S 

32.06 

i 

II 

VI 

16.03 

5-34 

Te 

125.00 

II 

62.50 

Sn 

119.00 

] 

II 

IV 

59-50 
29-75 

Zn 

65-30 

II 

32-65 

6. 
Electro- 
chemical 
Equivalent. 
Grams  per 
Coulomb. 


Iodine 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Nitrogen 

Oxygen 

Phosphorus 

Platinum 

Potassium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulphur 

Tellurium 

Tin 

Zinc 

The  names  of  the 


.00130300 
.00018630 
.00029010 
.00014500 
.00107200 
.00053600 
.00012590 
.00028490 
.00008143 
.00207200 
.00103600 
.00030040 
.00007510 
.00002911 
.00008288 
.00002766 
.00006423 
.00101000 
.00050500 
.00040520 
.00040920 
.00013640 
-00007355 
.00111800 
.00023880 
-00045370 
.00016610 
.00005532 
.00064750 
.00061640 
.00030820 
.00033820 


non-metallic  elements  are  printed  in  Italics. 
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Name. 

Height  of 

Mercury 

Column. 

Cross-Sec- 
tion of 
Mercury 
Column. 

Use. 

Siemens'   Unit. . 

loo  cm. 

I  sq.  mm. 

Out  of  use,  because 
incorrect. 

British    Associa- 

tion Unit,  writ- 

ten B.  A.  U. . . 

104.8  cm. 

I  sq.  mm. 

Out  of  use,  because 
incorrect. 

Legal  Ohm  (com- 

monly     called 

Ohm) 

106.0  cm. 

I  .sq.  mm. 

In  all  technical  meas- 
urements and  cal- 
culations, as  well 
as  in  this  Course. 

International 

Ohm 

106.3  cm. 

I  sq.  mm. 

Latest  and  most  ex- 
act determination. 

5000 

part. 

Not   yet    in    general 

use. 

The  relative  values  of  these  units  are  given  by  the  follow- 
ing  list: 

I  legal  ohm  =  1.0112  B. 'A.  U. 

I  legal  ohm  =  i.o6oo  Siemens'  Units 

I  B.  A.  U.  =    .9889  legal  ohm. 

I  B.  A.  U.  =  1.0483  Siemens'  Units. 

I  Siemens'  Unit  =:    .9540  B.  A.  U. 

I  Siemens*  Unit  =    .9434  legal  ohm. 
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HEAT  OF  COMBIIVATION   WITH  OXYGEN. 


I  Gram  of 

Compound 
Formed. 

Calories  or  Gram 

Degrees  of  Heat 

Produced. 

Hydrogen 

H.O 

CO, 

SO, 

P.O. 

ZnO 

Fe,0, 

ShO, 

OiO 

34,000 
8,000 
2,300 

5,747 
1,301 
1,576 

1,233 
602 

Carbon 

Sulphur 

Phosphorus 

Zinc 

Iron 

Tin 

Copper 

RESISTANCES    OF    METALS. 


Name  of  Metal. 

Resistance 
in  Microhms 
of  I  Cu.  In. 

at  32°  F. 

Relative 
Resistance. 

Silver,  annealed 

.5921 
,6292 
•6433 
•6433 
.8102 
.8247 
1. 1470 
2.2150 

3-5650 

3-8250 

4.9070 

5.2020 

7.7280 

8.2400 

13.9800 

37.1500 

51.6500 

I  000 

Copper,  annealed 

1.063 
'     1.086 

Silver,  hard-drawn 

Copper,  hard-drawn 

1.086 

Gold,  annealed 

1.369 
1-393 
1-935 
3-741 
6. 022 

Gold,  hard-drawn 

Aluminum,  annealed 

Zinc,  pressed 

Platinum,  annealed 

Iron,  annealed 

6.460 
8.285 
8.784 
13050 
13.920 
23.600 
62.730 
87.230 

Nickel,  annealed 

Tin,  pressed 

Lead,  pressed 

German  Silver 

Antimony,  pressed 

Mercury 

Bismuth,  pressed 

TABLES  AND  FORMULAS. 
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Resistances  of  the  same    metals  in  microhms   per  cubic 
centivutcr  at  a  temperature  of  0°  C. 


Metal. 

Resist- 
ance. 

Metal. 

Resist- 
ance. 

Silver,  annealed  .... 
Copper,  annealed  . .  . 
Silver,  hard-drawn.. 
Copper,  hard-drawn . 

Gold,  annealed 

Gold,  hard-drawn . .  . 
Aluminum,  annealed 

1-504 

1-598 
1.634 
1.634 
2.058 
2.094 
2.912 
5.626 
9057 

Iron,  annealed 

Nickel,  annealed.  .  .  . 

Tin,  pressed 

Lead,  pressed 

German  Silver 

Antimony,  pressed . . 
Mercury .• . 

9.716 
12.470 
13.210 
19.630 
20.930 

35-500 

94.320 

131.200 

Zinc,  pressed 

Platinum,  annealed.. 

Bismuth,  pressed  . .  . 

INCANDESCENT    LAMPS. 

The  following  table  is  taken  from  tests  made  on  standard 
incandescent  lamps  of  various  makes  at  present  in  use: 


\'olts. 

C.  P. 

Amperes. 

Watts 
per  Lamp. 

Watts 
Iier  C.  P. 

52 

16 

1.04 

54.1 

338 

52 

32 

2.08 

108.2 

3-38 

52 

100 

6.50 

338-0 

338 

lOO 

16 

.64 

64,0 

4.00 

100 

32 

1.28 

128.0 

4.00 

TOO 

100 

4.00 

400.0 

4.00 

no 

16 

.58 

64.0 

4.00 

no 

32 

1.16 

128.0 

4.00 

no 

100 

3-64 

400.0 

4.00 
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ILLUMIIVATIOIV   BY   INCANDESCEIVT   LAMPS. 

The  following  table  gives  the  general  effect  produced  by 
different  numbers  of  i6  candle-power  lamps  placed  at  a  given 
height  above  the  floor: 


Number  of  i6  C.  P. 
Lamps  per  loo  Sq.  Ft. 

Approximate  Effect. 

I.O 

Dull 

1-5 

Medium 

2.0 

Good 

3-0 

Bright 

4.0 

Brilliant 

The  following  table  gives  the  number  of  square  feet  illu- 
minated'by  a  16  candle-power  incandescent  lamp  at  stated 
heights  and  under  certain  conditions;  the  table  fulfils  all 
practical  requirements: 


Nature  of  Room. 

Height. 

Number  of  Square  Feet 
per  16  C.  P.  Lamp. 

Offices  with  desks 

10  feet 

50,  also  localized  near 
desks. 

R  e  a  d  i  n  g-r  00ms  with 

50,  also  localized  near 

tables 

15  feet 
15  feet 
20  feet 
18  feet 

tables. 

Stores  

80. 

Dance  halls 

80. 

Halls  and  lobbies 

100. 

Machine-shops 

15  feet 

150     and     localized    at 
machines. 

Large  town  halls 

25  feet 

120. 

Churches 

40  feet 

200. 

TABLES   AND   FORMULAS. 
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iio-Volt- 

55-Volt- 

.5  ampere 
I     ampere 
1.5  amperes 
3     amperes 

16  c.  p.  lamp 

32  c.  p.  lamp 

50  c.  p.  lamp 

100  c.  p.  lamp 

1  ampere 

2  amperes 

3  amperes 
6  amperes 

The   number  of   lamps   on   a  circuit   may  therefore   be 
expressed  in  terms  of  16  c.  p.  lamps.     Thus 

one  32  c.  p.  lamp  =  2  of  16  c.  p. 
one  50  c.  p.  lamp  =  3  of  16  c.  p. 
one  100  c,  p.  lamp  —  6  of  16  c.  p. 

HORIZONTAL  COMPONENT  OF  THE  EARTH'S 
MAGNETISM. 


Locality. 


London,  England. 

Paris 

Berlin 

Rome 

Montreal 

Niagara 

Halifax 

Boston 

New  York  . 
Philadelphia. 
Washinc:'^   • 
Chicag«'. 

Cleveland 

San  Francisco. . . . 


Value  of  Compo- 
nent 
Lines  of  Force 
per  Square  Centi- 
meter. 

.180 
.188 
.178 
.240 

•147 
.167 

•159 
.  170 
.184 
.194. 
.200 
.184 
.184 
•«5S 
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SPECIFIC  RESISTANCES  OF  INSULATORS. 


Substance. 

Specific  Resistance. 

Mica 

84  tregohms 
449  tregohms 
28  quegohms 
34  quegohms 
540  quegohms 
16,700  quegohms 
I  tregohm 
350  begohms 

Gutta-percha 

Hard  rubber 

Paraffin 

Porcelain    

Flint  glass 

Olive  oil 

Lard  oil 

SPECIFIC  RESISTANCES  OF  ELECTROLYTES. 

At  50°  Fahrenheit. 


Liquid. 


Copper  sulphate 
Saturated  solution 
Zinc  sulphate 
Saturated  solution 
Zinc  sulphate 
Common  salt 
Sal  ammoniac 
Sulphate  of  soda 
Sulphuric  acid 
Nitric  acid 
Hydrochloric  acid 


Specific 
Gravity. 


1.205 
1.440 


Solution 
giving 
least 
resist- 
ance. 


Specific 

Resistance. 

Ohms. 


29.30 

33 -60 

' 28 . 22 
4.70 
2.50 

\  11-30 
1.38 

I  .  29 
1.32 


SIZES 

OF 

STANDARD    EYE-BOLTS. 

yl 

f 

h 

0 
TB" 

1 

f 

■I 

I 

li 

I* 

2 

B 

li 

li 

ItV 

li 

ItV 

If 

iR 

2i 

2| 

3i 

C 

4 

li 

Ui 

If 

H 

2f 

2 

2^ 

3 

4 
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STANDARD    HEXAGONAL    HEAD  TAP-BOLTS. 


Diameter  of  Screw 

Short  Diameter  of  Head 
Long  Diameter  of  Head 
Length  Under  Head 


i 

tV 

f 

A 

i 

^ 

i 

A 

i    . 

i 

•51 

.58 

.65 

•  72 

.87 

}t0  3 

it0  3i 

f  t0  34 

f  t0  3f 

ft04 

II 

•94 
}t0  4i 


Diameter  of  Screw 

i 

* 

i 

I 

li 

li 

Short  Diameter  of  Head 

i 

I 

li 

li 

If 

li 

Long  Diameter  of  Head 

1. 01 

1. 15 

1.30 

i^45 

1.59 

^•73 

Length  Under  Head 

it0  4i 

iit0  4i 

I*  to  5 

litos 

2  to  5 

2  to  5 

SIZES   OF    KEYS   FOR    SHAFTS. 


Diameter 

Diameter 

of  Shaft. 

Width. 

Thickness. 

of  Shaft. 

Width. 

Thickness. 

i 

T^lf 

iV 

3i 

f 

r« 

f 

^\ 

iV 

3i 

f 

^ 

i 

i 

1^ 

3l 

i 

i 

f 

^ 

A 

3i 

i 

4 

i 

A 

i 

3t 

1 

i 

i 

A 

i 

3i 

J 

i 

r 

i 

aff 

3i 

I 

f 

li 

i 

^ 

4 

I 

* 

li 

tV 

A 

4i 

I 

f 

^f 

A 

^ 

4i 

li 

1 

a 

f 

i 

■    4j 

I* 

f 

■  1 

* 

i 

5 

li 

i 

•1 

f 

i 

5i 

li 

i 

a 

f 

i 

5i 

li 

i 

.J 

\ 

iV 

6 

li 

H 

^ 

A 

6i 

If 

I 

-'i 

i 

tV 

7 

If 

ItV 

-'1 

1 

f 

7i 

1* 

I* 

^^ 

i 

f 

8    . 

2 

»i 

4 

t 

f 

8^ 

H 

li 

2i 

1 

i 

9 

H 

If 

=1 

i 

iV 

9i 

2| 

^f 

3 

i 

A 

10 

H 

li 
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ANALOGIES   BETWEEN   THE    FLOW   OF  WATER 
AND  ELECTRICITY. 


Water  in  Pipes. 


Electricity  in  Conductors. 


L 


IL 


in. 


IV. 


V. 


VI. 


Difference  of  level  tends 
to  make  water  fall 
from  the  upper  level 
to  the  lower  level. 

Difference  of  level 
hence  acts  as  a  pres- 
sure tending  to  cause 
a  flow. 

If  not  entirely  obstruct- 
ed, this  pressure  ac- 
tually produces  a  flow 
of  water. 

Some  of  this  pressure  is 
lost  by  friction  of  the 
water  against  inside 
walls  of  pipe. 

This  loss  by  friction  is 
directly  proportional 
to  the  length  of  the 
pipe,  and  inversely 
proportional  to  the 
diameter  of  the  pipe. 

No  quantity  of  water 
can  flow  through  a 
pipe  without  suffering 
some  loss  in  this  man- 
ner; in  other  words, 
there  is  no  such  thing 
as  an  absolutely  fric- 
tionless  pipe. 


Difference  of  potential  tends 
to  make  electric  current 
fall  from  point  of  high  po- 
tential to  point  of  low  po- 
tential. 

Difference  of  potential  or 
E.  M.  F.,  hence  acts  as  a 
pressure  tending  to  cause 
a  flow. 

If  not  entirely  obstructed, 
this  pressure  or  E.  M.  F. 
actually  produces  a  flow  of 
current. 

Some  of  this  pressure  is  lost 
by  the  electrical  resistance 
of  the  conductor.  The  loss 
is  called  drop  of  potential. 

This  loss  or  drop  due  to  re- 
sistance is  directly  propor- 
tional to  the  length  of  the 
conductor,  and  inversely 
proportional  to  its  area  of 
cross-section. 

No  quantity  of  electricity 
can  flow  through  a  con- 
ductor without  suffering 
some  loss  in  this  manner  ; 
in  other  words,  there  is  no 
such  thing  as  an  absolutely 
resistanceless  conductor. 
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TEMPERATURE  COEFFICIENTS  FOR  VARIOUS 

METALS. 


Name  of  Metal. 


Silver 

Copper 

Gold  

Aluminum.. . . 

Platinum 

Iron 

Tin 

Lead 

Antimony.  .  .  . 

Bismuth 

Mercury 

German  silver 


For  Centigrade. 

For  Fahrenheit. 

•00377 
.00388 

.002094 
.002156 

.00365 

.002028 

.00390 

,002167 

.00247 

.001372 

•00453 
.00365 

.002517 
.002028 

.00387 

.002150 

.00389 

.002161 

•00354 
. 00088 

.001967 
. 000489 

. 00044 

.000244 

REDUCTION  OF  METALS. 
The  E.  M.  F.'s  and  the  Compositions  of  the  Elec- 
trolytes for  Various  Metals. 

The  electrolyte  is  a  saturated  solution  of  sul- 
phate of  copper,  mixed  with  ^  its  volume  of 
water  containing  about  10  per  cent,  of  sul- 
phuric acid  for  conducting  the  current.  The 
E.  M.  F.  is  from  o.  5  to  i  volt. 

The  solution  consists  of  cyanide  of  silver  dis- 
solved in  cyanide  of  potassium.  The  E.  ^^.  F. 
is  from  i  to  2  volts. 


Copper. 


vSiiA'Kk. 


Lead. 


Aluminum. 


The  solution  consists  of  plumbic  sulphate  dis- 
solved in  sodic  acetate.  The  E.  M.  F.  is  from 
0.5  to  1  volt. 

The  electrolyte  is  chloride  of  aluminum,  am- 
monium, and  sodium,  but,  instead  of  being  in 
solution,  it  is  used  in  a  melted  or  fused  state. 
The  E.  M.  F.  is  from  15  to  20  volts. 
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Gold. 


NiCKE] 


The  solution  is  cyanide  of  gold  in  cyanide  of 
potassium,     E.  M.  F.  is  from  .5  to  3  volts. 
The  solution  is  the  double  sulphate  or  chloride 
of   nickel   and    ammonia.     E.  M.  F.   is    from 
.5  to  I  volt. 


TABLE  OF  CENTIGRADE  AND  FAHRENHEIT 
DEGREES. 


Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

C. 

F. 

C. 

F. 

C. 

F. 

C. 

F. 

0 

32.0 

26 

78.8 

51 

123.8 

76 

168.8 

I 

33-8 

27 

80.6 

52 

125.6 

77 

170.6 

2 

35-6 

28 

82.4 

53 

127.4 

78 

172.4 

3 

37-4 

29 

84.2 

54 

129.2 

79 

174.2 

4 

39-2 

30 

86.0 

55 

131. 0 

80 

176.0 

5 

41.0 

31 

87.8 

56 

132.8 

81 

177.8 

6 

42.8 

32 

89.6 

57 

134.6 

82 

179.6 

7 

44.6 

33 

91.4 

58 

136.4 

83 

181. 4 

8 

46.4 

34 

93-2 

59 

138.2 

84 

183.2 

9 

48.2 

35 

95-0 

60 

140.0 

85 

185.0 

10 

50.0 

36 

96.8 

61 

141. 8 

86 

186.8 

II 

51.8 

37 

98.6 

62 

1436 

87 

188.6 

12 

53.6 

38 

100.4 

63 

145-4 

88 

190-4 

13 

55-4 

39 

102.2 

64 

147.2 

89 

192.2 

14 

57-2 

40 

104.0 

65 

149.0 

90 

194.0 

15 

59-0 

41 

105.8 

66 

150.8 

91 

195.8 

16 

60.8 

42 

107.6 

67 

152.6 

92 

197.6 

17 

62.6 

43 

109.4 

68 

154-4 

93 

199.4 

18 

64.4 

44 

III. 2 

69 

156.2 

94 

201.2 

19 

66.2 

45 

113.0 

70 

158.0 

95 

203.0 

20 

68.0 

46 

1 14. 8 

71 

159.8 

96 

204.8 

21 

69.8 

47 

116. 6 

72 

161. 6 

97 

206.6 

22 

71.6 

48 

118. 4 

73 

163.4 

98 

208.4 

23 

73-4 

49 

120.2 

74 

165.2 

99 

210.2 

24 

75-2 

50 

122.0 

75 

167.0 

100 

212.0 

25 

77.0 
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Chemical 
Formula. 

Specific  Gravity. 

I. 

Name  of  Acid, 

3- 
Pure  Acid. 

4- 

Commercial  Acid. 

(Average.) 

Hydrochloric 

Hydrobromic 

Nitric 

HCl 

HBr 

HNO, 

H,SO, 

H^CrO, 

1.227 

1-515 
1-530 
1.846 

1. 14  to  I. 16 

1.33  tu  1. 41 
1.70  to  1.83 

Sulphuric 

Chromic 

Note. — HCl  and  HBr  are  in  reality  gases,  which  dissolve  readily 
in  water,  forming  the  liquid  known  by  the  above  names.  The  specific 
gravity  given  is  that  of  the  solution  (maximum). 


ELECTROLYTES  USED  IN  ELECTROPLATIXG. 


COPPER   PLATIXG. 

Acid  Solution. 

Sulphate  of  copper i  lb. 

Sulphuric  acid i  lb. 

Water i  gallon. 

The  sulphate  of  copper  is  dissolved  in  hot  water,  after  which 
cold  water  is  added  until  the  quantity  named  is  made  up. 
The  sulphuric  acid  is  then  added,  and  after  the  solution  has 
become  cool,  it  is  poured  into  the  depositing  vessel.  This 
may  be  of  glass  or  of  wood,  and  should  be  thoroughly  cleaned 
before  using. 

Cyanide  Solution  With  Copper  Sulphate. — For  this 
bath  8  ounces  of  sulphate  of  copper  is  dissolved  in  1  quart 
of  hot  water  and  set  aside  to  cool.  When  cold,  liquor 
ammonia,  specific  gravity  .880,  is  added  gradually,  the 
solution  being  continually  stirred  with  a  glass  rod  or  a  piece 

1/.  K.    VI.— 39 
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of  wood  until  the  precipitate  which  at  first  appears  is  again 
dissolved.  One  quart  of  cold  water  is  then  added.  A  solu- 
tion of  cyanide  of  potassium,  made  by  dissolving  li  lb.  in  2 
quarts  of  water,  is  gradually  mixed  in,  with  constant  stir- 
ring, until  the  blue  color  disappears.  Then  the  remaining 
cyanide  solution  is  added,  and  the  mixture  is  allowed  to 
stand  until  the  clear  liquor  rises  to  the  top,  when  it  may  be 
siphoned  off  and  is  ready  for  use  in  the  bath.  This  solution 
is  generally  used  cold,  although  a  quicker  action  may  be  ob- 
tained if  it  is  warmed  to  a  temperature  approximating 
120"  F.  In  using  cyanide  of  potassium,  great  care  must  be 
exercised  in  handling,  as  this  chemical  is  a  strong  poison  and 
very  deadly.  If  the  hands  are  cut,  or  scratched,  blood- 
poisoning  will  probably  result  from  contact  with  cyanide,  so 
that  the  greatest  precautions  should  always  be  adopted  in 
preparing  solutions  of  which  it  forms  an  ingredient. 

Cyanide    Solution    Witli   Acetate    of    Copper. — In 

making  up  this  bath,  the  following  proportions  of  ingredi- 
ents are  necessary: 

Acetate  of  copper,  crystallized, . .         20  parts. 

Carbonate  of  soda,  crystals 20      *' 

Bisulphite  of  soda 20      " 

Cyanide  of  potassium,  pure 20      *' 

Water 1,000      " 

The  acetate  of  soda  is  reduced  to  powder  and  made  into 
paste  with  a  little  water;  to  this  is  added  the  carbonate  of 
soda  previously  dissolved  in  200  parts  of  water,  and  the 
mixture  is  well  stirred.  The  bisulphite  of  soda  is  then  dis- 
solved in  200  parts  of  water  and  added  to  the  mixture,  when 
the  green  precipitate  first  formed  becomes  of  a  yellow  color. 
The  cyanide  of  potassium  is  dissolved  in  600  parts  of  water 
and  added,  the  mixture  being  well  stirred.  The  precipitate 
will  be  dissolved  by  the  cyanide  and  the  solution  will  become 
clear.  Should  this  not  take  place,  more  cyanide  should  be 
added.     This  bath  may  be  used  hot  or  pold- 
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NICKEL    PLATING. 

The  plating  bath  is  made  as  follows: 

Double  sulphate  nickel  and  ammonia  (pure) .    1 2  to  14  oz. 
Water i  gallon. 

The  nickel  salts  are  put  into  a  wooden  tank  and  hot  water 
is  poured  upon  them  until  they  dissolve,  this  being  hastened 
by  stirring  with  a  clean  wooden  stick.  The  liquid  may  be 
poured  off  into  the  plating  tank  after  a  short  time,  without 
waiting  for  all  the  salts  to  dissolve;  then  more  hot  water  is 
poured  upon  the  salts,  this  being  repeated  until  the  salts  are 
completely  dissolved.  When  this  is  accomplished,  cold  water 
is  added  to  bring  the  solution  to  the  required  measure. 

This  plating  bath  has  a  rather  high  resistance,  and  good 
results  may  usually  be  obtained  by  adding  to  the  solution  10 
per  cent,  of  common  salt.  This  has  the  effect  of  whitening 
the  nickel  deposit  and  making  it  more  tough,  so  that  the 
film  of  metal  will  not  readily  strip,  and  the  resistance  of  the 
bath  is  decreased. 

The  nickel  bar  or  plate  used  as  an  anode  must  be  pure,  in 
order  to  secure  good  results. 

Cast  anodes  are  more  readily  dissolved  by  the  action  of 
the  current  than  are  rolled  anodes,  and  are  therefore  to  be 
preferred.  For  small  work,  however,  rolled  anodes  are 
more  generally  used,  as  they  are  more  easily  obtained. 

All  the  water  used  in  plating  baths  should  be  distilled,  or 
rain  water  may  be  employed  if  desired. 


GOLD  PLATING. 

The  electrolyte  used  in  gold  plating  is  made  of  the  follow- 
ing ingredients: 

Fine  gold 10  parts. 

Pure  cyanide  of  potassium 20      '* 

Or,  commercial  cyanide 50  ^'M°  " 

Distilled  water 1,000  " 

The  gold   must  be  formed  iuiu  eiiit)i  iiie  in  the  following 
manner:     The  gold  is  placed  in  a  flask,  and  a  mixture  of 
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2  parts  of  hydrochloric  and  i  part  of  nitric  acid  is  poured 
upon  it.  The  proportion  of  this  acid  to  gold  will  be  about 
4  to  I,  that  is,  4  ounces  of  mixed  acid  to  i  ounce  of  gold, 
depending,  however,  upon  the  quality  of  the  acid,  of  which 
too  much  should  not  be  used.  This  mixture  is  then  to  be 
evaporated  on  a  hot  sand  bath  until  nearly  all  the  acid  is 
driven  off  and  the  solution  begins  to  move  sluggishly  on 
rocking  the  dish.  It  is  then  allowed  to  cool.  If  too  much 
heat  has  been  applied,  the  gold  will  be  converted  into  a 
metallic  state.  It  should  in  that  case  be  washed  with  dis- 
tilled water  and  redissolved  with  acid.  This  chloride  of 
gold  is  now  to  be  dissolved  in  about  200  parts  of  water. 
The  cyanide  is  dissolved  in  the  remainder  of  the  water. 
After  filtering,  the  solutions  are  mixed  and  then  boiled  for 
a  short  time. 

SILVER  PLATING. 

For  silver  plating  the  following  ingredients  are  required, 
in  the  proportions  given: 

Pure  silver 25  parts. 

Cyanide  of  potassium,  pure. .         50       ** 
Water 1,000       " 

The  amount  of  silver  used  in  the  bath  varies  from  ^  ounce 
to  5  or  6  ounces  to  i  gallon  of  water,  but  2  ounces  or  less 
will  usually  give  excellent  results.  It  is  always  advisable 
to  use  distilled  or  rain  water  for  the  plating  bath,  as  there 
are  likely  to  be  impurities  in  river  water  which  may  injuri- 
ously affect  the  quality  of  the  deposit. 


CURRENT  DENSITY  USED  IN  ELECTROPLATING. 

The  usual  densities  for  different  metals  are  : 

Copper,  acid  bath 5  to  10  amperes  per  sq.  foot. 

"        cyanide  bath 3  to    5         *'  "     "       " 

Nickel,  double  sulphate.  .  6  to    8         "         '*      *'       " 

Gold,  chloride  in  cyanide,  i  to    2         **         "      "       " 

Silver,  double  cyanide...  2  to    5         "         "      **       *• 
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In  genera],  a  low  current  density  produces  a  hard,  close- 
grained  surface,  and  a  high  current  density  a  softer,  more 
open  deposit,  which  may  even  become  of  a  powdery  ap- 
pearance. 


E.    M.    F. 


OF    THE   FORMATION 
SULPHATES. 


OF    VARIOUS 


Metal. 


Potassium 

Zinc 

Cadmium  . 

Lead 

Tin 

Iron 

Aluminum 
Copper  . . . 

Silver 

Platinum. . 


Formula  of 

K.  ^[.  1-. 

Sulphate. 

Volts. 

K^SO, 

-35 

ZnSO, 

1-35 

CdSO^ 

1.05 

PbSO^ 

.90 

SnSO^ 

.88 

/■tSc\ 

.83 

A/,{SOX 

.70 

CuSO, 

•47 

Ag.SO, 

.30 

None 

.00 

E.   M.   F.   OF  ZIXC   (PURE)   WITH    VARIOL  S 
ELECTROLYTES. 


Electrolyte. 
Acids. 

E.  M.  F. 

Volts. 

Electrolyte. 
Saline  Solutions. 

E.  M.  F. 

Volts, 

H  SO 

'•35 

T       10 

XaCl 

1.08 

HCl 

ZttSO 

132 

1. 1 ; 

HXO I   t^ 

NH  CI 

■'■'''-  t 

•  -tj 

NaOIf 

KOI  I 

Ordinary  // 

•3^ 
90 

86 


TABLES  AND    FORMULAS. 


0 

Q 


2 

H 
O 


Q 

O 
0^ 


(1- 
o 
o 

•spunoj-ioo^ 

o 
o 
o 

rP 

O 

o 
o 

o 
o 
o 

M 
N 

o    o    o    o    o 
o    o    o    o    o 
o    o    o    o    o 

C?J    ro    o"    n'     cf; 
vo      1-1      O     i^    ro 
ro    U-)    t-.  00     O 

1 

•SOUIHU 

O 

d 

ri- 
ff) 

CM 

CO 
M 

O       Cs     N       CN      M 
N       l-i       1-1       M        N 

't    U-)  o     r-  00 

•SpU033S  UI  9UIIX 

00 

M 

HI 

O    CO      M      M      ro 

IH         M         P<         N         C) 

•SJ9pi9A\. 

JO   vCjBuiijj   UI   Sl:^B_/v^. 

o 
o 
o 

o 
o 
o 

M 

o 
o 
o 

o    o    o    o    o 
o    o    o    o    o 

O     O     uo    O     O 

lO    i-T  \0~    rO     CN 
N      fO    fC    -^    -^ 

•UI    -bs  UI  T39JV' 

o 

lO 

U-5 

O     lO    O     u-5    o 
O       N      »0    t^     O 
u-5  VO      *--  00      O 

1-4 

•spunO(j-;ooj^ 

o 
o 
o 

o 
o 
o 

M 

00 

o 
o 
o 

oo" 
o 

o    o    o    o    o 
o    o    o    o    o 
o    o    o    o    o 

O     t^    o     cs   t^ 

vo     00      OS    U-)    Tj- 
t^     O      fO  VO      Cs 

M         )-C         HI         M 

•SOUIBU 

M 

N 

00 

O      O      fO    O     r^ 

tM      N      O     t--    ro 
Tj-    u-5  O    VD      t^ 

•SpUO09g  UI  91UIX 

M 

N 

ro  CO      N      U-)  00 
ro    ro    Tt-     Tf     Tt 

■sjgppAi 
JO   XaBuiuj   ui  s;;t3a\. 

o 
o 

o 
o 

M 

o 
o 
o 

M 

o    o    o    o    o 
o    o    o    o    o 
o    o    o    o    o 

uo    M    \o      O      -^ 
N     ro    ro    T^    Tt 

•UI  -bg  UI  B9av 

o 

lO 

vo 

O     u->    O     u-5    O 
O      N      u-5    t^     O 

HI         M         HI         HI         M 

« 

Q 
< 

O 
0! 

•spunoti-ioo^ 

o 
o 
o 

o 

o 
o 

OS 

o 
o 
o 

M 
ON 

M 

o    o    o    o    o 
o    o    o    o    o 
o    o    o    o    o 

oo"    rF    rf    tC  oo" 
fO    Cs    O      ^     Tf 

1^     HI     00      rj-     HI 

M 

HI      M      N      ro     Tj- 

•SOUIBU 

-Aa  o^  p9iiddv   -d  -H 

4 

o 

fO 

vo    o    T^  j^  <X) 

oo'     r^    lo    ro    fO 
>st-     U-)  \0      t^  CO 

•spuoo9s  UI  suijx 

^0 

lO 

lO 

lO 

U-)    O     00      u-5    O 
SO      t^    r^  00      OS 

•sjgppAV 

JO     AjEmU<£     Ul     SJiB_/^\ 

O 
to 

oo" 

o 
o 

o 
o 

fO 

O      O      O      O      O 
O      O      O      O      O 
O      O      O      O      O 

CA     Tf     CK     't     O" 
CM      fO     rO    -^     U-) 

•UI  •bg  Ul  vdjLy 

u-i 

o 

M 

O      u-5    O      u^    o 
CM       M       fO     fO     •^ 

TABLES   AND    FORMULAS. 


87 


0 

o 

< 

-«: 

u 

0 

a 
(J 

< 

Q 
U 
&< 


0 

1 

ll 
in    n 

■S  I 
S  S 

a  cr 
«  <u 
•a  •- 

e2 

•a 
§ 

4> 
O 
B 

OS 

24  Inches 
Between  Centers. 

0    u-i   r^   m    0     O 
O    O    "^    1-1    o     ►-« 
fl     CO    CO    -f    in  O 

o   o   o   o 

in    -r    c<   o 
t^    C>   C4    in 

o   o   o   o 

-f  O     in    CO 

O    O     -f   m 

1-1      IH      C<      M 

CO   CO   -t   m 

i 

CO  O     O^    CI     >r)  CO 
f<     f<     W     CO    CO    CO 

M    «+   r^    O 
-r  ^  'S-  •* 

e<    in  CO    c« 
in   in   in  o 

„„„„„„„„„M«»««            i 

u 

"  s 

•go 
'-'  J, 

00     u 

d 

a 

O     t^    l^    Q    O     O 
O   CO    o»  vO     CO   tn 
w    M    f«    CO   -t   >n 

Q     O     O     O 
O      O    t--    i-i 
i^  CO     1-1    in 

Q     CO    CO    O 
O    O     -t    I" 

to   CO   -r   m 

t^    O     en  vO    CO     t-i 
w      N      M      C)      CI      CO 

-4-   r^   O    CO 
CO    CO    •*    ■* 

O     CO       M       ll- 

■.f    "I-   m   in 

lA 

IS 
•go 

«   a> 

"  B 

n 

a 
8 

CI  CO    -f  CO    a^  <:> 
CTi  CO   o  u^   -r  o 

0     IH     w     M     CO    -^ 

2  g  8  5 

O     CO      w      '+ 

CO    c>   o  r^ 
C7\  in    CO    'I- 

HI        M       M       C« 

c<    CO   Tj-   m 

vO     O^   C)     in  CO     ll 

O    O     "-i     "-•     i-i    c« 

1-  O     O     C) 
N      d      CO    CO 

in  CO     Hi     -r 
CO    CO    ■^-    '1- 

o 
« 

u 

o  &• 

o  cr 
•a  fa 

1 « 

•a 

s 

o 
o 
a 
<« 

V 

3S 

ll 

0) 

d 
B 

O    O     O*  CO     O     0 
Tt  CO      ■^1-1      NO 

O  vO    r~  CO    CO 

O     O     Q     O 
Tf  CO    O     >-i 

C<      "t  CD      M 

O     Q     O     O 
to   O    CO   "^ 
r^   Tt   d    CO 

M 

M       M       HI      W 

d    CO   'I-   m 

o 
o 

1-1     f-   CO      CO   CO      CO 

O    Q     M     CO    T  O 
m  O    O    O    O    O 

•*    Q    •*    O 
t^     0^    O      M 

O  O    r^  r^ 

O       d       M     O 

CO   •^  o    t^ 
r»   t--   t^   r^ 

II 

V 

lg 

•go 

00    V 

CQ 

d 

a 

in  CO     in  O    O    CO 
>-i     in    d     O    O    CO 
■O   o    r^   t^  CO    o 

CO   r^   O     O 
c<   O   CO    5 

O    o    o    o 

d     JS   d    CO 
t^    CO    d     to 

M 

M        M         M        d 

d     to    •*    m 

4j 

o 
d 

V 

OS 

r^   CO  CO    CO   't   O 
in    r^  CO    o    -•    N 
in   in   in  o    O   O 

-room 
•I-   u-i   r^  CO 

^    <i    o    ^ 

Q    d    r^  d 

0     M     d     rt 
t^  i^  r^  t^ 

II 

0) 

^   g 
^O 

1 

d 

a 

O    O     MO    in  CO 
t^    11    CO     in  O     Q 
moo    r^  CO     O 

1-1    T^  r^  I-I 

25  2  8 

r^  to  d    to 

M 

M        M        M        C4 

d    to  ■*  m 

i 

OS 

CO    to   'J-   O    «/>   O 
O     N     CO   «n  O   00 
in   in   in   in   m   m 

11  o    o    «o 

O^   Q     W     CO 

m  O  O   O 

1^  d    r^  CO 

^  O      t^  CO 

O    O    O    O 

II 

•> 

'S 
v 

OS 

£ 

CT<   »*•    C*     a>   m  O 
m   c4    M    ll    in   d 
e*     CO    -r    in  O    CO 

w      CO  O    CO 
O     CO  O     O 

M       M       M       «4 

CO    O    O     Q 
CO    d    CO    CO 
O      CO    11      C« 

ei    CO  '^  m 

J       CQ  *^ 

g     O     g     O     «     N 

to    T    m  O 

r^  oo    0»  O 

88 


TABLES   AND   FORMULAS. 


NUMBER    OF   POLES,    OUTPUT,  AND    SPEED   OF 
SMALL    ALTERNATORS. 


6o  Cycle. 

No.  Poles. 

125  Cycle. 

No.  Poles. 

Output 
K.  W. 

Speed 
R.  P.  M. 

Output 
K.  W. 

Speed 
R.  P.  M. 

8 

12 

i6 

75 

150 

250 

900 
600 

450 

10 

14 
16 

30 
120 
200 

1,500 
1,070 

940 

NUMBER    OF   POLES,  OUTPUT,  AND    SPEED    OF 
INDUCTION    MOTORS. 


Poles. 

H.  P. 

Speed. 

4 

I 

1,800 

6 

5 

1,200 

6 

10 

1,200 

8 

10 

900 

8 

20 

900 

10 

50 

720 

12 

75 

600 
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RULES   AXD   FORMULAS. 


FORMULAS  USEO  IN  ALGEBRA. 

Let  a  a"'l  ''  ^""  any  two  quantities,  then, 

[ci^  .y  =a^-\-  'lab  +  b\  ( 1 .)     Art.  432. 

{a  -  by  =  a'-  '2a b  +  b\  (2.)     Art.  432. 

{a  +  b){a  -  I)  =  rt'  -  b\  (3.)     Art.  432. 

rt'+2a^+^*  =  {a-Jrb){a-^b)  =  (a+^)'.  (4.)     Art.  455. 

a'-^ab^b^  =  {a-b){a-b)  =  {a-by.  (5.)     Art.  455. 

a^  -b'  =  (,a  +  b){a  -  b).  (6.)     Art.  462. 

Let  dx'  -\-  b.r  =  c  be  any  quadratic  equation  (it  must  be 
borne  in  mind  that  b  and  c  may  be  positive  or  negative); 

then, 


,  =  _*±W^)V  =  ::1±±Z±5£.     Art.  597. 
)ia        '    via/       a  2a 


THE    TRIGONOMETRIC     Ft  NC'IH  >\S. 
Art.  754. 

stWi"  opposite 

Rule   X.—Sine  —    ,    ^  V • 

hypotenuse 

Rule   2. —    ...       r^'sitt  =  hypotenuse  X  .f/w^. 

^  j/V/d'  adjacent 

Rule  3. — Cosine  —     ,    ^  / . 

hypotenuse 

Rule  -4. — ^i^iT  adjacent  —  hypotenuse  X  casing 
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_  „  side  opposite 

Rule  5. —  iano;eiit  =  —^, — ^. . 

^  side  adjacent 

Rule  6. — Side  opposite  =  side  adjacent  X  tangent. 

_    .  ^  ,  ^       side  adjacent 

Rule  7. — Cotangent  =  — r-^ — ■. — . 

side  opposite 

Rule  8. — Side  adjacent  —  side  opposite  X  cotangent. 

^    ,    _       rr  .  .  side  opposite 

Rule  9. — Hypotenuse  =: ^ . 

siJie 

_  rr  side  adjacent 

Rule  lO. — Hypotetiuse  =  - — - — -. -. 

cosine 


RULES    FOR     USING    TABLE     OF     LOGARITHMS 
OF    NUMBERS. 
Arts.    625-636. 

I.  To  find  the  Characteristic. — For  a  fiufnber greater 
than  1  the  characteristic  is  one  less  than  the  fiumber  of  in- 
tegral places  in  the  number.  For  a  number  wholly  decimal 
the  characteristic  is  negative,  and  is  numerically  one  greater 
than  the  number  of  ciphers  between  the  decimal  point  and  the 
first  digit  of  the  decimal. 

II.  To  find  the  Logarithm  of  a  Number  not  hav- 
ing more  than  four  figures. — Find  the  first  three  sig- 
nificant figures  of  the  number  whose  logarithm  is  desired  in 
the  left-hand  column  ;  find  the  fourth  figure  in  the  column  at 
the  top  {or  bottom)  of  the  page,  and  in  the  column  under  {or 
above')  this  figure,  and  opposite  the  first  three  figures  previously 
fou7id,  will  be  the  mantissa,  or  decimal  part,  of  the  logarithm. 

The  characteristic  being  found  as  described  above,  write  it  at 
the  left  of  the  mantissa,  and  the  resulting  expression  zoill  be 
the  logarithm  of  the  required  number. 

III.  To  find  the  Logarithm  of  a  Number  con- 
sisting of  five  or  more  figures. 

(a)  If  the  tiumbcr  consists  of  more  than  five  figures,  and 
the  sixth  figure  is  5  or  greater,  increase  the  fifth  figure  by  1, 
and  write  ciphers  in  place  of  the  sixth  and  remaining  figures. 


TABLES  AND  FORMULAS.  91 

(b)  Find  the  mantissa  corresponding  to  the  logarithm  of 
the  first  four  figures^  and  subtract  this  mantissa  from  the 
next  greater  mantissa  in  the  table ;  the  remainder  is  the 
difference. 

(c)  Find  in  the  secondary  table  headed  P.  P.  a  column 
headed  by  the  same  number  as  that  just  found  for  the  differ- 
ence^ and  in  this  column  opposite  the  number  corresponding  to 
the  fifth  figure  {or  fifth  figure  increased  by  1)  of  the  given 
number  {this  figure  is  always  situated  at  the  left  of  the 
dividing  line  of  the  column^  ivill  be  found  the  P.  P.  {propor- 
tional part)  for  that  number.  The  P.  P.  thus  found  is  to  be 
added  to  the  mantissa  found  in  (6),  and  the  result  is  the 
mantissa  of  the  logarithm  of  the  given  number ^  as  nearly  as 
may  be  found  with  five-place  tables. 

IV.  To  find  a  Number  whose  Logarithm  is 
given.— 

(a)  Consider  the  mantissa  first.  Glance  along  the 
different  columns  of  the  table  which  are  headed  O  until  the 
first  two  figures  of  the  mantissa  are  found.  Then  glance 
down  the  same  column  until  the  third  figure  is  found  {or  1 
less  than  the  third  figure).  Having  found  the  first  three 
figures,  glance  to  the  right  along  the  roiv  iti  which  they  are 
situated  until  the  last  three  figures  of  the  mantissa  are  found. 
Then  the  number  which  heads  the  column  in  which  the  last 
three  figures  of  the  mantissa  are  found  is  the  fourth  figure 
of  the  required  number,  and  the  first  three  figures  lie  in  tJu 
column  headed  N,  and  in  the  same  row  in  which  lie  the  last 
three  figures  of  the  mantissa. 

{b)  If  the  mantissa  cannot  be  found  in  the  table,  find  the 
mantissa  which  is  nearest  to^  but  less  than,  the gi'oen  mantissa, 
and  which  call  the  next  less  mantissa.  Subtract  the  next  less 
mantissa  from  the  next  greater  mantissa  in  the  table  to  obtain 
the  difference.  Also  subtract  the  next  less  mantissa  from  the 
mantissa  of  the  given  logarithm,  and  call  the  remainder  the 
P.  P.  Looking  in  the  secondary  table  headed  P.  P.  for  the 
column  headed  by  the  difference  just  found,  find  the  number 
opposite  the  P.  P.  just  found  {or  the  P.  P.  corresponding  ntost 
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nearly  to  that  just  found^  ;  this  number  is  the  fifth  figure  of 
t  lie  required  number  ;  tJie  fo2irth  figure  will  be  found  at  the 
top  of  the  column  containing  the  next  less  mantissa^  and  the 
first  three  figures  in  the  column  headed  N,  and  in  the  same 
row  ivhich  contains  the  next  less  mafitissa. 

(c)  Having  foufid  the  figures  of  the  number  as  above 
directed,  locate  the  decimal  point  by  the  rules  for  the  char ac- 
teristic,  annexing  ciphers  to  bring  the  number  up  to  the  re- 
quired number  of  figures  if  the  characteristic  ts  greater  than  Jf. 


RULES    FOR    USING    TRIGONOMETRIC    TABLES. 

Given,  an  angle,  to  find  its  sine,  cosine,  tangent, 
and  cotangent. 

Rule  1 1. — Find  in  the  table  the  sine,  cosine,  tangent,  or  co- 
tangent correspotiding  to  the  degrees  and  inimitcs  of  the  angle. 

For  the  seconds,  find  the  difi^erence  of  the  values  of  the  sine, 
cosine,  tangent,  or  cotangent  taken  from  the  table,  between 
which  the  seconds  of  the  angle  fall ;  multiply  this  difference  by 
a  fraction  whose  numerator  is  the  number  of  seconds  in  the 
given  angle,  and  whose  denominator  is  GO. 

If  sine  or  tangent,  add  this  correction  to  the  value  first  foimd; 
if  cosine  or  cotangent,  stibtract  the  correction.     Art.  756. 

Given,  the  sine,  cosine,  tangent,  or  cotangent  to 
find  ttie  angle  corresponding. 

To  find  the  angle  corresponding  to  a  given  sine,  cosine, 
tangent,  or  cotangent  whose  exact  vahie  is  not  contained  in 
the  table: 

Rule  1 2. — Find  the  difference  of  the  two  numbers  in  the 
table  betzveen  which  the  given  sine,  cosine,  tangent,  or  co- 
tangent falls,  and  use  the  number  of  parts  in  this  difference 
as  the  denominator  of  a  fraction. 

Find  the  difi-'erence  betzveen  the  number  belonging  to  the 
smaller  angle,  and  the  given  sine,  cosine,  tangent,  orcotatigent, 
and  use  the  number  of  parts  in  the  difference  just  found  as  the 
numerator  of  the  fraction  mentioned  above.  Multiply  this 
fraction  by  60,  and  the  result  will  be  the  number  of  seconds  to 
be  added  to  the  smaller  angle.     Art.  758. 
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RULES    FOR    MEXSURATIOX. 


THE  TRIANGLE. 

Rule. —  The    area   of  any   triatigle  equals  one-half  the 
product  of  the  base  and  the  altitude.     Art.  766. 


THE  QUADRILATERAL. 

To  find  the  area  of  a  parallelogram: 

Rule. —  The  area  of  any  parallelogram  equals  the  product 
of  the  base  and  the  altitude.     Art.  777. 

To  find  the  area  of  a  trapezoid: 

Rule. —  The  area  of  a  trapezoid  equals  one-half  the  sum  of 
the  parallel  sides  multiplied  by  the  altitude.     Art.  778. 

To  find  the  area  of  an  irregular  figure  bounded  by  straight 
lines: 

Rule. — Divide  the  figure  into  triangles^  and  find  the  area 
of  each' triangle  separately.  The  sum  of  the  areas  of  all  t  lie 
triangles  ivill  be  the  area  of  the  figure.     Art.  779. 


THE  CIRCLE. 

To  find  the  circumference  or  diameter  of  a  circle : 

Rule. —  The  circumference  of  a  circle  equals  the  diameter 
multiplied  by  3.  U16.     Art.  780. 

Rule. —  The  diameter  of  a  circle  equals  the  circumference 
divided  by  3.  U16.     Art.  780. 

To  find  the  length  of  an  arc  of  a  circle: 

Rule. —  The  length  of  an  arc  of  a  circle  equals  the  circum- 
ference of  the  circle  of  which  the  arc  is  apart  multiplied  by  the 
number  of  degrees  in  the  arc^  and  divided  by  3*)<>.       A  rt.  781. 

To  find  the  area  of  a  circle: 

Rule. — Square  the  diameter,  and  multiply  by  .185^  Art. 
782. 

Given,  the  area  of  a  circle  to  find  its  diameter: 

Rule. — Divide  the  area  by  .TSoJi,  and  extract  the  square 
root  of  the  quotient.     Art.  783. 
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To  find  the  area  of  a  sector: 

Rule. — Divide  the  number  of  degrees  in  the  arc  of  a  sector 
by  360.  Multiply  the  result  by  the  area  of  the  circle  of  which 
the  sector  is  a  part.  "  Art.  784. 

To  find  the  area  of  a  segment  of  a  circle: 

Rule. — Draw  radii  from  the  center  of  the  circle  to  the 
extremities  of  the  arc  of  the  segment ;  find  the  area  of  the 
sector  thus  formed,  subtract  from  this  the  area  of  the  triangle 
formed  by  the  radii  and  the  chord  of  the  arc  of  the  segment , 
and  the  result  is  the  area  of  the  segment.     Art.  CTSS. 


THE    ELLIPSE. 

To  find  the  perimeter  of  an  ellipse: 

Rule. — Multiply  the  major  axis  by  1.82,  and  the  minor  axis 
by  1.315.  The  su7n  of  the  results  will  be  tJie perimeter.  Art. 
788. 

To  find  the  exact  area  of  an  ellipse: 

Rule. —  The  area  of  an  ellipse  is  equal  to  the  product  of  its 
two  diameters  multiplied  by  .785^.     Art.  789. 

To  find  the  area  of  any  plane  figure: 

Rule. —  The  area  of  any  plane  figure  may  be  found  by 
dividing  it  into  triangles,  quadrilaterals,  circles  or  parts  of 
circles,  and  ellipses,  finding  the  area  of  each  part  separately, 
and  adding  them  together.     Art.  790. 


THE  PRISM  AND   CYLINDER. 

To  find  the  area  of  the  convex  surface  of  any  right  prism 
or  right  cylinder: 

Rule. — Multiply  the  perimeter  of  the  base  by  the  altitude - 
Art.  803. 

To  find  the  volume  of  a  right  prism  or  cylinder: 

Rule. —  TJie  volume  of  any  right  prism  or  cylinder  equals 
thf  area  of  the  base  multiplied  by  the  altitude.     Art.  804, 
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THE  PYRAMID   AXD   CONE. 

To  find  the  area  of  a  right  pyramid  or  right  cone: 
Rule. — The  convex  area  of  a  right  pyramid  or  cone  equals 

the  perimeter  of  the  base  multiplied  by  one-half  the  slant 

height.     Art.  809. 

To  find  the  volume  of  a  right  pyramid  or  cone : 

Rule. —  The  volume  of  a  right  pyramid  or  cone  equals  the  area 

of  the  base  multiplied  by  one-third  of  the  altitude.     Art.  81 0. 


THE  FRUSTUM  OF  A  PYRAMID  OR  COXE. 

To  find  the  convex  area  of  a  frustum  of  a  right  pyramid 
or  right  cone: 

Rule. — The  convex  area  of  a  frustum  of  a  right  pyramid 
or  right  cone  equals  one-half  the  sum  of  the  perimeters  of  its 
bases  tmiltiplied  by  the  slant  height  of  the  frustum.  Art. 
814. 

To  find  the  volume  of  the  frustum  of  a  pyramid  or  cone: 

Rule. — Add  the  areas  of  the  upper  base,  the  lower  base,  and 
the  square  root  of  the  product  of  the  areas  of  the  two  bases  ; 
multiply  this  sum  by  one-third  of  the  altitude.     Art.  815. 


THE  SPHERE. 

To  find  the  area  of  the  surface  of  a  sphere : 

R  u  le. — The  area  of  the  surface  of  a  sphere  equals  the  square 
of  the  diameter  multiplied  by  3.  1j^16.     Art.  817. 

To  find  the  volume  of  a  sphere: 

Rule. —  The  volume  of  a  sphere  equals  the  cube  of  tlu  diam- 
eter multiplied  by  .5236.     Art.  818. 


FORMULAS    USED    IX    ELEMENTARY 
MECHANICS. 


UNIFORM  MOTION. 

Let  S  —  the  length  of  space  passed  over  uniformly; 

/  =  the  time  occupied  in  passing  over  the  space  .S; 
K=  the  velocity. 
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V=~.  (7.)     Art.  859. 

5  =  Vt.  (8.)     Art.  859. 

f  =y.  (9.)     Art.  859. 


MASS,  WEIGHT,  AND  GRAVITY. 

If  the  mass  of  the  body  be  represented  by  ///,  its  weight 
by  IV,  and  the  force  of  gravity  at  the  place  where  the  body 
was  weighed  by  ^,  we  have 

weight  of  body  W  ,^^^      a    .    c>o -, 

mass  =  -. — ^ — 2 rr-,  or  ;//  =  — .  (lO.)     Art.  888. 

lorce  of  gravity  £■  ^         ^ 


FORMULAS  FOR  GRAVITY  PROBLEMS. 

Let  IV  =  weight  of  body  at  the  surface; 

w  =  weight  of  a  body  at  a  given  distance  above  or 

below  the  surface ; 
</  =  distance  between  the  center  of  the  earth  and  the 

center  of  the  body ; 
R  =  radius  of  the  earth  =  4,000  miles. 

Formula  for  weight  when  the  body  is  below  the  surface: 

wR  =  dW.         (11.)     Art.  891. 

Formula  for  weight  when  the  body  is  above  the  surface* 

z£/  d'  =  IVR\  (12.)     Art.  891. 


FALLING  BODIES. 

Let^=  force  of  gravity  =  constant  accelerating  force  due 
to  the  attraction  of  the  earth; 
/  =  number  of  seconds  the  body  falls; 
V  ■=  velocity  at  the  end  of  the  time  /; 
k  =  distance  that  a  body  falls  during  the  time  t. 

v  =  gt.  (13.)     Art.  896. 

That  is,  the  velocity  acquired  by  a  freely  falling  body  at  the 
end  of  t  seconds  equals  32. 16  multiplied  by  the  time  in  seconds. 

/  =  -.  (14.)     Art.  896. 
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That  is,  the  number  of  seconds  during  which  a  body  must 
have  fallen  to  acquire  a  given  velocity  equals  tfie  given  velocity 
in  feet  per  second  divided  by  32. 16. 

h  =  ^.         (15.)     Art.  896. 
%g 

That  is,  the  heigJit  from  which  a  body  must  fall  to  acquire 
a  given  velocity  equals  the  square  of  the  given  velocity  divided 
by  2X32.16. 


V  =  V^gh.  (16.)     Art.  896. 

That  is,  the  velocity  tliat  a  body  will  acquire  in  falling 
tlirough  a  given  height  equals  the  square  root  of  the  product 
of  twice  22. 16  and  the  given  height. 

h  =  hgt\  (17.)     Art.  896. 

That  is,  the  distance  a  body  zvill  fall  in  a  given  time  equals 
32.16  -4-  2  multiplied  by  the  square  of  the  member  of  seconds. 

t  =  \/VL.  (18.)     Art.  896. 

g 

That  is,  the  time  it  will  take  a  body  to  fall  through  a  given 
height  equals  the  square  root  of  twice  the  height  divided  by 
32.16. 


CENTRIFUGAL    FORCE. 

The  value  of  the  centrifugal  force  of  any  revolving  body, 
expressed  in  pounds,  is 

F  =  .000^4:  WRN*-  (19.)     Art.  9(K{. 

in  which  F  =  centrifugal  force ; 

rF=  total  weight  of  body  in  pounds; 

R  =  radius,  usually  taken  as  the  distance  be- 
tween the  center  of  motion  and  the  cen- 
ter of  gravity  of  the  revolving  body,  in 
feet; 

A'  —  number  of  revolutions  per  minute. 

M.  i:.     \  i.—  ',ii 
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THE  CENTER   OF  GRAVITY   OF  T>\  O   BODIES. 

Let    /  =  the  distance  between  the  centers  of  the  bodies; 
/j  =  the  short  arm ; 
w  =  weight  of  small  body; 
IV  =^  weight  of  large  body. 

/,=   ,.7/     .  (20.)     Art.  911. 

THE  EFFICIENCY   OF   A  MACHINE. 

Let  F  =  the  force  applied  to  the  machine ; 
V=  the  velocity  ratio  of  the  machine; 
W=  the  weight  actually  lifted  or  equivalent  resist- 
ance overcome; 
E  =  the  efficiency  of  the  machine ; 

IV 
Then,  E  =  yy.  (22.)     Art.  950. 

IVORK. 

If  the  force  necessary  to  overcome  the  resistance  be  repre- 
sented by  /%  the  space  through  which  the  resistance  acts  by 
5",  and  the  work  done  by  [/,  then  C/=  F  S. 

If  W=  the  weight  of  a  body,  and  /i  =  the  height  through 
which  it  is  raised,  [/=  IV  h.     Hence  the  work  done 

U=FS=Wh.  (23.)     Art.    953. 


POIYER. 

The  power  of  a  machine  may  always  be  determined  by 
dividing  the  luork  done  in  foot-pounds  by  the  time  in  minuter 
required  to  do  the  work;  i.  e. , 

FS 
Power  =  ^.  (24.)     Art.  954. 


KINETIC   ENERGY. 

Let  W=^  the  weight  of  the  body  in  pounds; 

V  =  its  velocity  in  feet  per  second ; 

h  =  the  height  in  feet  through  which  the  body  must 

fall  to  produce  the  velocity  v; 

IV 
m  =  the  mass  of  the  body  =  — ■.     (See  formula  10.) 
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The  work  necessary  to  raise  a  body  through  a  height  //  is 
IV /i.     The   velocity   produced  in  falling   a    height   //  is   c 

=  i^'lg li,  and  //  =  ^.     (See  formulas  15  and  16.) 

v"  \V 

Therefore,  work  =  Wh  =  W-—-  =  J^  X  — Xt/  =  4  wz^,  or 

Wh  =  \mi^.  (25.)     Art.  957. 


DENSITY. 

The  density  of  a  body  is  its  mass  divided  by  its  volume 

in  cubic  feet. 

Let  D  be  the  density ;  then  the  density  of  a  body  is 

D='-^.     Since  ;;/  =  — ,  D  =  —r^.  (26.)     Art.  962. 

y  g  gy  \        I 


RULES    AND     FORMULAS    USED     IX    HYDRO- 
MECHAXICS. 


PASCAL'S  LAW. 

Rule  I. — The  pressure  per  unit  of  area  exerted  anywhere 
upon  a  mass  of  liquid  is  transmitted  undiminislud  in  all 
directions,  and  acts  zcith  the  same  force  upon  all  surfaces  in 
a  direction  at  right  angles  to  those  surfaces. 


THE  GENERAL  LAW  FOK  THE  OOWNWARD  PRESSURE 
UPOX  THE  BOTTOM  OF  AXV  VESSEL. 

Rule  IL — The  pressure  upon  the  bottom  of  a  vessel  con- 
taining a  fluid  is  independent  of  the  shape  of  the  vessel,  and 
is  equal  to  the  weight  of  a  prism  of  the  fluid  w/tose  base  has 
the  same  area  as  the  bottom  of  the  vessel,  and  whose  altitude 
is  the  distance  between  the  bottom  and  the  upper  surface  of 
the  fluid  plus  the  pressure  per  unit  of  area  upon  the  upper 
surface  of  the  fluid  multiplied  by  the  area  of  the  bottom  of 
the  vessel. 

GB^kERAL  LAW^  FOR   UPWARD  PRESSURE. 

Rule  III. —  rite  upward  pressure  on  any  submerged  hori- 
zontal surface  equals  the  weight  of  a  prism  of  the  liquid 
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whose  base  has  an  area  equal  to  the  area  of  the  submerged 
sitrface,  and  whose  altitude  is  the  distance  between  the  sub- 
merged surface  and  the  upper  surface  of  the  liquid  plus  the 
pressure  per  unit  of  area  on  the  upper  surface  of  the  fluid 
multiplied  by  the  area  of  the  submerged  surface. 


GEIVERAL   LAIV  FOR  LATERAL   PRESSURE. 

Rule  IV. —  The  pressure  upon  any  vertical  surface  di^e  to 
the  zv eight  of  a  liquid  is  equal  to  the  iv eight  of  a  prism  of 
the  liquid  whose  base  has  the  same  area  as  the  vertical  sur- 
face, and  whose  altitude  is  the  depth  of  the  center  of  gravity 
of  the  vertical  surface  below  the  level  of  the  liquid. 

Any  additional  pressure  is  to  be  added  as  in  the  previous 
cases.  

GENERAL    LAIJV   FOR   PRESSURE. 

Rule  V. —  The  pressure  exerted  by  a  fliiid  in  any  direction 
upon  any  surface  is  equal  to  the  weight  of  a  prism  of  the 
fluid  zuhose  base  is  the  projection  of  the  surface  at  right  angles 
to  the  direction  considered,  and  zvhose  height  is  the  depth  of 
the  center  of  gravity  of  the  surface  below  the  level  of  the 
liquid. 

SPECIFIC  GRAVITY. 

Let  IV  h&  the  weight  of  the  solid  in  air  and  IF  the  weight 
in  water;  then,  IV  —  IV  =  the  weight  of  a  volume  of  water 
equal  to  the  volume  of  the  solid,  and 

W 
Sp.  Gr.  =    ^^_  ^y,.  (27.)     Art.  991. 

If  the  body  be  lighter  than  water,  a  piece  of  iron  or  other 
heavy  substance  must  be  attached  to  it  sufficiently  heavy 
to  sink  both.  Then  weigh  both  bodies  in  air  and  both  in 
water. 

Let  W  =  weight  of  both  bodies  in  air; 
IV  =  weight  of  both  bodies  in  water; 
w  =  weight  of  light  body  in  air; 
IV^  =  weight  of  heavy  body  in  air; 
W^  =  weight  of  heavy  body  in  water. 
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Then,  the  specific  gravity  of  the  light  body  is  given  by 

SP-^^  =  (ir-in-(».-l';)-  (28.)     Art.  992. 

To  find  the  specific  gravity  of  a  liquid: 

Weigh  an  empty  flask  ;  fill  it  zvith  water,  then  weigh  it, 
and  find  the  difference  betzueen  the  two  results ;  this  zcill 
equal  the  weight  of  the  zuater.  Then  xveigh  the  flask  filled 
zvith  the  liquid  and  subtract  the  weight  of  the  flask  ;  the  re- 
sult is  the  zveight  of  a  volume  of  the  liquid  equal  to  the 
volume  of  the  zvater.  The  weight  of  the  liquid  divided  by 
the  zveight  of  the  zvater  is  the  specific  gravity  of  tlu  liquid. 

Let  \V  =  the  weight  of  the  flask  and  liquid; 
IV  =  the  weight  of  the  flask  and  water; 
w  =  the  weight  of  the  flask. 

'^^^"'  vSp.  Gr.  =  \[~  '"'  •  (29.)     Art.  993. 

^  \v    —w  ^        ' 


FORMULAS    FOR    FLOW    OF    WATER. 


MEAX    VELOCITY. 

Let  Q  ■=  the   quantity   in    cubic   feet   which  passes  any 
section  in  1  second; 
A    =  the  area  of  the  section  in  square  feet; 
v^  =  the  mean  velocity  in  feet  per  second. 

Then,  Q  =  A  v„„         (31.)     Art.  1003. 

and  ^'m  =  ^-  (32.)     Art.  1003. 

VELOCITY   OF    EFFLUX   FROM    AX   ORIFICE. 

Let    7'  =  the  velocity  of  efflux  in  feet  per  second; 
//  =  the  head  in  feet  on  the  orifice  considered ; 
//,  =  the  head  equivalent  to  a  pressure/; 
IF  =  the   weight   of   the   water    in    pounds    flowing 
through  the  aperture  per  second. 

The  kinetic  energy  of  the  issuing  water  =  — — . 
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The  work  the  issuing"  water  can  do  =  IV  k. 

Wh  —  — — -,  or  v=  \/  "Igli. 

h  ■=■  -^—,  where  //,   is  in  feet,  and  p  in  pounds  per 
.434 

square  inch. 

P 
h^  =  T7-f-r,  where  //,  is  in   feet,  and  /  in  pounds  per 

square  foot. 
k-\-  /i^  =  the  tota/  head. 

V  =  ^1g{h^  +  h).  (33.)     Art.  1007. 

If  a  is  the  area  of  a  large  orifice  in  the  bottom  of  a  small 
vessel  whose  area  is  A,  the  velocity  is 


i/^S4 


(35.)     Art.  lOlO. 

1--^ 

A" 

Actual  velocity  of  efflux  from  a  small  square-edged  orifice: 

-^=.98/2^.  (36.)     Art.  1013. 

Actual  quantity  discharged   from   a  small  square-edged 
orifice : 

Q=..^\hAv.  (37.)     Art.  1015. 


THEORETICAL  AND   ACTUAL  DISCHARGE. 

Let  Q   =  theoretical  number  of  cubic  feet  discharged  per 

second ; 
v^  =  theoretical  mean  velocity  through  orifice  in  feet 

per  second  =  0  -=-  ^  ; 
A    =  area  of  orifice  in  square  feet; 
h    =  theoretical    head    necessary    to    give    a    mean 

velocity  i',,,. 
Q„  =  aj^tual    quantity    discharged  in    cubic   feet   per 

second. 

Then,  for  an  orifice  in  a  thin  plate,  or  a  square-edged 
orifice  (the  hole  itself   may  be  of   any  shape,   triangular, 
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square,  circular,  etc.,  but  the  edges  must  not  be  rounded), 
the  actual  quantity  discharged  is: 


Q^  =  .615Q  =  .  G15  A  r,„  =  .CAoA  'i/tgh.  (38.) 

Art.  1017. 
For  a  discharge  through  a  short  tube, 


(2„=.  815  (?=. 815  ^t/,=. 815^/2^.     (39.)    Art.  1017. 
For  a  discharge  through  a  mouthpiece, 


(2„=z.97  e=. 07  ^c'„=. 97.^/2^.  (40.)    Art.  1017. 

For  a  discharge  through  the  compound  mouthpiece,  the 
area  of  the  orifice  being  taken  as  the  area  of  the  smallest 
section, 


i2a=  1.5526(2  =  1.5526^  t'„=  l.o52Q  A  ^ 'Zg/i.  (41.) 

Art.  1017. 

In  these  four  formulas  it  is  taken  for  granted  that  there 
is  a  constant  head. 

FLO\%'   OF   'W.'ATER   THROUGH   ^'EIRS. 

\i  d=  the  depth  of  the  opening  in  feet,  and  b  its  breadth 
in  feet,  the  area  of  the  opening  is  yi  =  </  X  ^,  and  the  theo- 
retical discharge  is  Q  =  dxbxi'„  =  dbx\  4/  'igh  = 
\bd ^ 'Igd^  the  head  for  this  case  being  taken  as  d. 

The  actual  discharge  is 

a  =  .015  (2  =  .015  X  \bdi/irgd  =  .41  *  v'2^./'.  (42.) 

Art.  1020. 

That  is,  the  actual  discharge  through  a  weir  in  cubic  feet 
per  second^  whose  top  is  on  a  Iccel  with  the  upper  surface  of 
the  water,  is  equal  to  .J^l  multiplied  by  the  breadth  of  the 
weir,  multiplied  by  the  square  root  of  2  g  times  the  cube  of  the 
depth  of  the  lueir.     All  dimensiotis  are  to  be  taken  in  feet. 

To  obtain  the  mean  velocity  z/^,  divide  the  actual  discharge 
by  the  area  of  the  weir,  or 

v^  =  ^^  ^-  (43.)     Art.  1 020. 
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For  a  weir  whose  upper  edge  is  below  the  level  of  the 
upper  surface  of  the  water,  let  //,  be  the  depth  in  feet  of  the 
top  of  the  weir  below  the  surface  of  the  water,  and  h  the 
depth  in  feet  of  the  bottom  of  the  weir  below  the  surface  of 
the  water.     The  actual  discharge  Q^  in  cubic  feet  per  second  is 

a  =  .41^V^(/J^-/I?).  (44.)     Art.  1022. 


FLO^V  OF  WATER  IN  PIPES. 


THE  MEAN  VELOCITY  OF  DISCHARGE. 

For  straight  cylindrical  pipes  of  uniform  diameter: 

Let   v„^  —  mean  velocity  of  discharge  in  feet  per  second; 
h    =  total  head  in  feet  =  the  vertical  distance  between 

the  level  of  the  water  in  the  reservoir  and  the 

point  of  discharge ; 
/    =  length  of  pipe  in  feet; 
d    =  diameter  of  pipe  in  inches; 
/    —  coefficient  of  friction. 


^    Ad 


Then,  v„,  =  2.315  f  yj-—^.  (45.)     Art.  1024. 

When  the  pipe  is  very  long,  compared  with  the  diameter, 
the  following  formula  may  be  used: 


^/,d 


v^  =  2.315  y  y-^.  (46.)     Art.  1027. 


THE  ACTUAL  HEAD. 

The  actual  head  necessary  to  produce  a  certain  velocity 
Vn  may  be  calculated  by  the  formula 

/i  =  •{^'/"  +  .  0233  v\„.  (47.)     Art.  1 029. 

o.  30  « 


THE  QUANTITY  DISCHARGED  FROM  PIPES. 

Let   <^=the    diameter  of    the  pipe  in   inches,  then   the 
discharge  Q  in  gallons  per  second  is 

Q=.OAOSd'v^.  (48.)     Art.  1030. 
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If  the  diameter  of  the  pipe  and  the  discharge  are  known, 
the  mean  velocity  v„  is 

24.51(2 


d' 


(49.)     Art.  1031. 


If  the  head,  the  length  of  the  pipe,  and  the  diameter  of 
the  pipe  are  given,  to  find  the  discharge  use  the  formula 


Q=mU5d^V    /'^    .  (50.)     Art.  1032. 

To  find  the  value  of  f,  calculate  t'„  by  formula  46,  assu- 
ming that  f=  .0*>5,  and  get  the  final  value  of  f  from  the 
following  table.     Art.  1033, 


^'m  — 

O.  I 

0.2 

0-3 

0.4 

0-5 

0.6 

/  = 

.0686 

.0527 

•0457 

•0415 

.0387 

-0365 

«'«.= 

0.7 

0.8 

0.9 

I 

li 

li 

/- 

-0349 

•0336 

■0325 

-0315 

.0297 

.0284 

7'«  = 

2 

3 

4 

6 

8 

12 

/  = 

.0265 

.0243 

.0230 

.0214 

,0205 

•0193 

Note. — The  values  given  in  the  above  table  are  calculated  by  the 
formula/ =  .014392  -+-  '^^^  . 

TO  CALCULATE  THE  DIAMETER  OF  A  PIPE. 

Neglecting  the  fraction  ^  d  in  formula  50,  and  solving 
for  d. 

Assuming   that  y=.025,    for   a   trial   value,    the   above 
equation  then  becomes 


^=  1.2294 


(51.)    Art.  1035. 
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Formula  50  may  also  be  written 
d=<^.6l\^^ZI±^SR,  (52.)     Art.  1035. 

By  aid  of  formulas  51  and  52,  the  diameter  of  a  pipe 
may  be  approximated  as  follows: 

Rule. — Fi7id  the  value  of  d  by  formula  51;  substitute 
this  value  in  formula  49,  and  find  the  value  of  i/„,.  Then 
find  from  the  table  the  value  of  f  corresponding  to  this  value 
of  v^.  Substitute  the  values  of  d  and  f  just  found  hi  the 
right-hand  member  of  formula  52,  and  solve  for  d;  the  result 
^vill  be  the  diameter  of  the  pipe,  nearly  enough  for  all  practical 
purposes.  

FORMULAS    USED    IIV    PNEUMATICS. 


PRESSURE,    VOLUME,     DENSITY,    AND     WEIGHT     OF    AIR 
WHEN   THE  TEMPERATURE   IS  CONSTANT  : 

Mariotte's  Lraw. —  The  temperature  remaitiing  the  same, 
the  volume  of  a  given  quantity  of  gas  varies  inversely  as  the 
pressure. 

Let/  =  pressure  for  one  position  of  the  piston; 

p^  =  pressure  for  any  other  position  of  the  piston; 
V  =  volume  corresponding  to  the  pressure/; 
v^  =  volume  corresponding  to  the  pressure/,. 

Then, /-.;=/,  z;,.     (53.)     Art.  1049. 

Let  D  be  the  density  corresponding  to  the  pressure  /  and 
volume  V,  and  Z?,  be  the  density  corresponding  to  the 
pressure/,  and  volume  v^;  then, 

p  :D  =/,:A>  or/Z>,  =  /,/>,       (54.)     Art.  1052. 

andv:D^=v^:D,    oTvB  =v^D^.       (55.)     Art.  1052. 

Thus,  let  IV  be  the  weight  of  a  cubic  foot  of  air  or  other  gas, 
whose  volume  is  v,  and  pressure  is  / ;  let  W^  be  the  weight 
of  a  cubic  foot  when  the  volume  is  z\,  and  pressure  is  /,; 
then, 

pJV^=pJV.      (56.)     Art.  1052. 

V  W  =v^  W^.     (57.)    Art.  1052. 
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PRESSURE      AXD    VOLUME    OF     A    GAS    \%'ITH    VARIABLE 
TEMPERATURE  : 

Gay-Lrussac's  Laiv. — If  the  pressure  remains  constajit, 
rt'ery  increase  of  temperature  of  1°  F.  produees  in  a  given 
quantity  of  gas  an  expansion  of-^^j  of  its  volume  at  32°  F. 

If  the  pressure  remains  constant  it  will  also  be  found  that 
every  decrease  of  temperature  of  1°  F.  will  cause  a  decrease 
of  -^  of  the  volume  at  32°  F. 

Let  V  =  original  volume  of  gas ; 
v^  =  final  volume  of  gas; 

/  =  temperature  corresponding  to  volume  v; 
/,  =  temperature  corresponding  to  volume  v^. 

Then,  ^.^  =  ,>^^^±hy  (58.)     Art.  1054. 

That  is,  t/t^  volume  of  gas  after  heating  {or  cooling)  equals 
the  original  volume  multiplied  by  1^60  plus  the  final  tempera- 
ture divided  by  ^60  plus  the  original  temperature. 

Let  /  =  the  original  tension ; 

/   =  the  corresponding  temperature; 
/,  =  final  tension ; 
/,  =  final  temperature. 

Then,  p^=p^^t!Ay  (59.y    Art.  1055. 

Let    p  =  pressure  in  pounds  per  square  inch; 
F=  volume  of  air  in  cubic  feet; 
7'=  absolute  temperature; 
W^=  weight  in  pounds. 

Then,  /  F=  .37052  T.     (60.)     Art.  1056. 

If  the  weight  of  the  air  be  greater  or  less  than  1  pound, 
the  following  formula  must  be  used : 

/  r=  .37052  \V  T,     (61.)     Art.  1057. 
Let  />,,    J',,  and    7",  represent  the  pressure,  volume,  and 
temperature  of  the  same  weight  of  air  in  another  state; 
then, 

^  =  ^^^.         (62.)     Art.  1058. 
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MIXTURE    OF    TWO    GASES    HAVING   UNEQUAL   VOLUMES 
AND   PRESSURES. 

Let  V  and  /  be  the  volume  and  pressure,  respectively,  of 
one  of  the  gases. 

Let  v^  and/,  be  the  volume  and  pressure,  respectively,  of 
the  other  gas. 

Let  V  and  P  be  the  volume  and  pressure,  respectively,  of 
the  mixture.     Then,  if  the  temperature  remains  the  same, 

J7  p  =  ,;  ^  +  „^  ^^.     (63.)     Art.  1 062. 


MIXTURE   OF   TWO    VOLUMES   OF   AIR    HAVING    UNEQUAL 
PRESSURES,   VOLUMES,  AND   TEMPERATURES- 

If  a  body  of  air  having  a  temperature  /,,  a  pressure/,,  and 
a  volume  v^,  be  mixed  with  another  volume  of  air  having  a 
temperature  t^,  a  pressure /j,  and  a  volume  t\,  to  form  a 
volume  V  having  a  pressure  P,  and  a  temperature  /,  then, 
either  the  new  temperature  /,  the  new  volume  V,  or  the  new 
pressure  P  may  be  found,  if  the  other  two  quantities  are 
known,  by  the  following  formula,  in  which  7",,  T^,  and  T 
are  the  absolute  temperatures  corresponding  to  ^,,  t^,  and  /: 

PF=r^+^]^.   (64.)  Art.  1063. 
FORMULAS  USED  IN  HEAT. 


rO    CHANGE    FAHRENHEIT    TEMPERATURES     TO    CENTI- 
GRADE, AND   CENTIGRADE  TO   FAHRENHEIT. 

Let   4  =  temperature  Centigrade,    and  tf  =  temperature 
Fahrenheit.     Then, 

/'^  =  |/^  +  32°,         (65.)     Art.  1104. 

and  4  =  {f^  -  32°)  |.     (66.)     Art.  1 104. 


EXPANSION  OR  CONTRACTION  OF  BODIES  FROM  CHANGES 
OF   TEMPERATURE. 

T,et  L   =  length  of  any  body; 

/  =  amount  of  expansion  or  contraction  due  to  heat- 
ing or  cooling  the  body; 
A   =  area  of  any  section  of  the  body; 
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a  =  increase  or  decrease  of  area  of  the  same  section 

after  heating  or  cooling  the  body ; 
y  =  volume  of  the  body ; 
7^  —  increase  or  decrease  in  volume  due  to  heating  or 

cooling  the  body; 
C^  =  coefficient  of  expansion  taken  from  column  1, 

Table  1 ; 
C  =  coefficient  taken  from  column  2,  Table  1 ; 
C,  =  coefficient  taken  from  column  3,  Table  1 ; 
/  =  difference  in  degrees   of   temperature  between 

the  original  temperature  and  the  temperature  of 

the  body  after  it  has  been  heated  or  cooled. 

•  Then,  /=  LC^t;  (67.)  Art.  1113. 
a  =  AC^r;  (68.)  Art.  1113. 
V  =  V  r,  /.  (69.)  Art.  1113. 


RBSCLTING    TEMPERATURES    ANO    SPECIFIC    HEATS    OF 
THE  MIXTURE   OF  SEVERAL   BOI>IES   HAVIXG 
USiEQUAL  TEMPERATURES. 

,^  ^.^.^.+  ^n^,^+  lV,sJ,  +  ttc.    j  (73.) 

^K^.  +  K^^+  W^,.r,-l-etc.       '  "I  Art.  1136. 

or  r  -  ^^'  ^'  <^'  -  ^>  +  ^^^'^  ^^'  -  ^>  +  ^^^-        \        (^■*-) 
'~  \V,{t-t;)  '       (  Art.  1137. 

in  which  /  is  the  final  temperature  of  the  mixture;  IF,,  s^, 
and  /,,  the  weight,  specific  heat,  and  temperature,  respect- 
ively, of  one  body;  /('„  .r,,  and  /,  the  same  for  second  body; 
and  W^,  s^,  and  /,  the  same  for  a  third  body,  etc. 


WORK  DONE  BY  THE  ISOTHERMAL  EXPANSION  OF  A  <;  vs 

L  =  the  work  in  foot-pounds; 

P  =  the  total  initial  pressure  in  pounds  per  square  foot; 

/*,  =  the  total  final  pressure  in  pounds  per  square  foot; 

V  =  the  initial  volume  in  cubic  feet; 

F,  =  the  final  volume  in  cubic  feet. 

I  =  2.3020 Py  log  j^.  (75.)     Ail.  1  160. 
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P       V 
Since  /*  F  =  /*,  F",,  -p-  =  -^^  and   formula   75   might    be 

written 

Z  =  2.3026PFlog^.  (76.)     Art.  1160. 

Whichever  formula  is  used  it  must  be  kept  in  mind  that 

V        P 
the  fraction  -t~  or  -p-  must  always  be  greater  than  1 ;  that  is, 

the  numerator  must  always  be  greater  thaii  the  denominator. 


WORK  REQUIRED  TO  COMPRESS  A  GAS   ISOTHERMALLY. 

Z  =  2. 3026/' Flog ^,  (77.)  and 

Z  =  2. 3026  P  Flog -pi,  (78.)     Art.  1162. 

in  which  the  letters  have  the  same  meaning  as  before,  and 
tJie  larger  voliivic  or  pressure  is  always  in  the  numerator. 

Formulas  75,  76,  77,  and  78  will  be  easier  to  use  if 
the  pressure  be  taken  in  pounds  per  square  inch,  and 
144X2.3026  =  3:31.5744  be  substituted  for  2.3026.  As 
before,  the  volume  must  always  be  taken  in  cubic  feet. 
Formulas  75  and  76  then  become 

Z  =  331.5744/ Flog -^,  (79.) 

Z  =  331.5744/ Flog  4,  (80.)     Art.  1163. 

Px 

in  which  p  =  pressure  in  pounds  per  square  inch. 


RELATION  BETAVEEN  PRESSURES  AND   VOLUMES  OF   AIR 
DURING   ADIABATIC   EXPANSION   OR  COMPRESSION. 

Let/  and  v  =  the    volume    and    pressure    during    one 

stage ; 
/,  and  z\  =  the  volume  and  pressure  during  the  next 

stage ; 
/,  and  v^  =  the  volume  and  pressure  during  the  third 

stage,  etc. ; 

then/ z/*-"=/,z;,'"=/,z//"  =  etc.        (81.)     Art.  1 164? 
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WORK  DOXE  BY  THE  ADIABATIC  EXPAXSIOX  OF  AIR. 

Let  L  —  work  in  foot-pounds; 

P  =  initial  pressure  in  pounds  per  square  foot ; 
P^  =  final  pressure  in  pounds  per  square  foot; 
K  =  initial  volume  in  cubic  feet ; 
F,  =  final  volume  in  cubic  feet. 

/:  =  2.44/'Fri -(-^y '1,  (82.)     Art.  1165. 

L  =  2.44/'Fri  -  (^)  '"  ']•         (83.)    Art.  1166. 

Let/  and/,  be  the  initial  and  final  pressures,  respectively, 
in  pounds  per  square  inch,  then, 

L  =  35L36/  F  fl  -  ("jf)   '1.  (84.) 

L  =  351.36/  fFi  -  (4')  "*"]•  (85.)     Art.  1 167. 

The  relation  between  the  pressures  and  temperatures,  and 
the  volumes  and  temf>eratures,  during  the  adiabatic 
expansion  of  air,  are  given  by  the  following  formulas: 

-^  j         =  -jr.  (86.)     Art.  1 1  70. 


(87.)     Art.  1 1 70. 


To  obtain  the  area  of  the  diagram  representing  the  adia- 
batic compression  of  air,  the  following  formula  may  be  used 
which  gives  it  directly  when  /  and  /,  are  the  greater  and 
lesser  pressures,  respectively,  and  I 'and  V^  their  correspond- 
ing volumes: 

^  ^~f '  ^^'  =  area.     (88.)     Art.  1172. 
.41 

EFFICIENCY  OF  A  PERFECT  HEAT   ENGINE. 

P  V  V 

Let  c  =  — W-*,  and  r  —  —-,  then,  the  efficiency  of  a  perfect 

,      ^         .  2.302Grlogr,  (/;- /;)       _      T^-  T^ 

heat  engme  = ^  or^o>.     -t^i    —  ^  =     ^  -r — -    (89.) 

^  2.3026^ /.log r.  Tj         ^        ' 

Art.  1182, 
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That  Is,  for  a  perfect  heat  engine,  operating  tJiroiigh  a  re- 
versible cycle  process,  the  efficiency  of  the  machine  is  the 
ratio  of  the  difference  of  the  absolute  temperatures  of 
the  sources  of  heat  and  of  cold  to  the  absolute  temperature 
of  the  source  of  heat.  

FORMULAS    USED    IIV    STEAM    AND    STEAM 
ENGINES. 


HELATIOX    BET"WEEN    THE     PRESSURE    AND     TEMPERA- 
TURE  OF  SATURATED   STEAM. 

Let  t  =  temperature,  Fahrenheit; 

T=.  absolute  temperature  =  t  -\-  460° ; 
/  =  absolute    pressure   (pressure  above    vacuum)   in 
pounds  per  sq.  in. 

T        V.       o  -.nnr/       3,719.78       400,215     (        (90.) 
Log/  =  G.1007 ^ ^.-.   JArt.1197. 


TOTAL,   HEAT   OF  VAPORIZATION. 

Let  H  =.  total  heat  of  vaporization; 
t  =  temperature ; 
i7=  1,081. 94 +  .305 /.  (91.)     Art.  1200. 


SPECIFIC  VOLUME  OF  SATURATED  STEAM. 

^^il  =  475,     (92.)  Art.  1203. 

in  which  /  is  the  pressure  in  pounds  per  square  inch,  and  V 
the  volume  in  cubic  feet  of  a  pound  of  steam  at  the  given 
pressure.  

WORK  DONE   IN   THE  CYLINDER   OF  A   STEAM   ENGINE. 

Let  P  =  the  pressure  on  the  piston  in  pounds  per  sq.  ft. ; 
p  =  pressure  on  piston  in  pounds  per  sq.  in. ; 
V  =  volume  swept  through  by  the  piston ; 
W=  work  in  foot-pounds. 

Then,         lV=PV=lUpV.  (93.)     Art.  1212. 


RELATION    BETWEEN    CLEARANCE,    CUT-OFF,    AND    NUM- 
BER  OF  EXPANSIONS,   OR   RATIO    OF    EXPANSION. 

Let  c  =  the  number  of  expansions; 

/  =  the  clearance,  expressed  as  a  per  cent,  of  the  stroke ; 
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k  =  the  real  cut-off ; 
/rj=  the  apparent  cut-off; 

r  =  the  apparent  number  of  expansions  =  -j-. 
Then,  ^  =  ^and  >&  =  -.  (96.)     Art.  1  254. 

k=^^.  (97.)     Art.  1254. 

1  +  /  ^        ' 


TO  FIND  THE    AREA   OF   A  THEORETICAL    DIAGRAM   AXD 
THE   WORK  REPRESENTED  BY   THE  DIAGRAM. 

Let  A  =  total  area  of  diagram  in  square  inches; 
/,  =  initial  pressure  measured  in  inches; 
F,  =  volume  at  cut-off  measured  in  inches; 
L  =  work  in  foot-pounds ; 
a  =  net  area  of  diagram ; 
/t  =  scale  used  to  lay  off  pressures; 
\  =  scale  used  to  lay  off  volumes. 

A  =  2.3026/,  F;  log^'.  (94.)     Art.  1215. 

« 

L  =  lUa/i/i^.  (95.)     Art.  1215. 


nVDICATBD  HORSEPOWER     AXD  MEAN   EFFECTIVE 
PRESSURE. 

Let  P=  the  M.  E.  P.  in  lb.  per  sq.  in. ; 
A  =  the  area  of  piston  in  sq.  in. ; 
L  =  the  length  of  stroke  in  ft. 
-V=  the  No.  of  strokes  per  min. 

Then,  the  work  done  per  minute  is  PL  A  N  foot-pounds. 
One  horsepower  =  33,000  foot-pounds  per  min. 
Therefore,  the  indicated  horsepower  of  the  engine  is  found 
from  the  formula 

PT  A  N 
'•«-^-  =  TO^-  <^«->    Art.  1268. 

When  the  point  of   real   cut-off.  and  tln^  steam  pressure 


!/     /  .       (  /.-!/ 


114  TABLES  AND  FORMULAS. 

at  the  beginning  of  the  stroke,  are  known,  the  M,  E,  P.  may 
be  found  approximately  by  the  following  formula: 

M.E.P.=±^<i+^li2££)_.0A  (99.) 

Art.  1269. 

in    which    P  =  absolute    steam    pressure  =  gauge    pressure 
-|-  14.7  pounds; 
e  =  ratio  of  expansion; 
p  =  absolute  back  pressure. 
/   is   usually    taken    as   about  3  pounds   for 'condensing 
engines,  and  17  pounds  for  non-condensing  engines. 


RELATION   BETliVEEN    LENGTH    OF    STROKE,  NUMBER  OF 
REVOLUTIONS,  AND  PISTON   SPEED. 

Let  L  =  length  of  stroke  in  inches; 

R  =  number  of  revolutions  per  minute; 
•S  =  piston  speed  in  feet  per  minute. 

LR 


S  = 


6 


65 
^-~R' 
A>_G5 


(lOO.)     Art.  1270. 


RATIO   OF    EXPANSION    IN    A    COMPOUND    OR    TRIPLE- 
EXPANSION    ENGINE. 

Let  e  =  ratio  of  expansion  in  high-pressure  cylinder ; 
E  =  total  ratio  of  expansion ; 
V  =  volume   of   cylinder   receiving    steam    from    the 

boiler; 
V=:  volume  of  cylinder  exhausting  into  atmosphere 

or  condenser. 

Then,  ^=^'  (102.)     Art.  1298. 


RATIO    BETWEEN    THE    CYLINDERS    OF    A    COMPOUND 

ENGINE. 

Letting  the  letters  have  the  same  meaning  as  in  the  last 
formula,  then  either  of  the  following  formulas  may  be  used: 
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£=2.72  — ,  or  —  =  -^.  (103.)     Art.  1306. 

v'        V       2.72  ^  ' 

—  =  \/E.  (104.)     Art.  1306. 

A.MOUXT    OF    \%^ATER    AND  THE    COOHXG    SUTIFACE    FOR 
CONDENSERS. 

W^ater  Required  by  a  Condenser. 

Let   /,  =  the  temperature  of  departing  condensing  water; 
/,  =  the  temperature  of  entering  condensing  water; 
/,  =  the  temperature  of  the  condensed   steam  upon 

leaving  the  condenser; 
H  =  total  heat  of  one  pound  of  steam  at  the  pressure 

of  the  exhaust ; 
W=^  the  weight  of  water  required  per  pound  of  steam 

condensed. 

jjr^^^^A±ii.  {XOS.)     Art.  1323. 

Cooling    Surface. 

Let  .S^  =  the  required  surface  in  square  feet ; 
W=^  total  weight  of  steam  used  per  hour. 
Then,  5  =.0944  PK  (106.)     Art.  1325. 


TO  FIND  THE  IVEIGHT  OF  A  FLY-WHEEL. 

Let   V^=^  thegreatestvelocityof  the  crank-pin  in  ft.  per  sec. ; 
F,=  the  least  velocity  of  the  crank-pin  in  ft.  per  sec. ; 
F,=  average  velocity  of  crank-pin  in  ft.  per  sec. ; 
^F=  required  weight  of  fly-wheel  in  pounds; 
H  =  the  number  of  foot-pounds  per  sq.  in.  of  piston 

represented  by  the  excess  of  crank  effect  over 

the  resistance; 
A  =  area  of  piston  in  square  inches; 
n  =  ratio  between  radius  of  fly-wheel  and  length  of 

crank; 

V  —  l^ 
£  =     *  y — '  =  coefficient  of  unsteadiness. 

jr=-4^#i.  (107.)     Art.  1328. 
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FORMULAS  USED  IN  STRENGTH  OF  MATERIALS. 


UXIX  STRESS,   UNIT  STRAIN,  AND  COEFFICIENT   OF 
ELASTICITY. 

Let  P  =  the  total  stress  in  pounds; 

A  =  area  of  cross-section  in  square  inches; 
S  —  unit  stress  in  pounds  per  square  inch; 

/  =  length  of  body  in  inches; 

e  =  elongation  in  inches; 

s  =  unit  strain; 
£  =  coefficient  of  elasticity. 

S  =  ^,  or  P=  AS.  (108.)  Art.  1345. 

s  =  j,ore=/s.  (109.)  Art.  1346. 

'\         P       e         PI 

^  =  Y  =  A-^7=-A7-        (^1^-)  A^t.  1352. 


STRENGTH   OF  PIPES   AND  CYLINDERS. 

Let  <-/=  inside  diameter  of  pipe  in  inches; 
/  =  length  of  pipe  in  inches; 
/  =  pressure  in  pounds  per  square  inch; 
P=  total  pressure ;  then,  P  =  /?  I  d  \ 
t  =  thickness  of  pipe ; 
5  =  working  strength  of  the  material. 
For  longitudinal  rupture 
p  I  d  =  %  1 1  S,  or 
pd=^tS.  (111.)     Art.  1365. 

For  transverse  rupture 

pd  =  ^tS.  (112.)     Art.  1366. 

Since,  for  longitudinal  rupture,  p  d  =  '-i  t  S,  it  is  seen  that 
a  cylinder  is  twice  as  strong  against  transverse  rupture  as 
against  longitudinal  rupture. 

For  pipes  and  cylinders  whose  thickness  is  greater  than 
yV  of  the  radius,  use  the  following  formula,  in  which 
r  =  the  inner  radius,  and  the  other  letters  have  the  same 
ijieaning  as  before. 
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/  =  -^^.  (113.)     Art.  1367. 

The  following  formula  gives  the  collapsing  pressure  in  lb. 
per  sq.  in.  for  wrought-iron  pipe: 

/  =  9, 600, 000  -jj.  (114.)     Art.  1 368. 


MOMENT  OF  INERTIA,  RESISTING  MOMENT,  ANO  BENDINO 
MOMENT   OF  BEAMS. 

Let  /  =  moment  of  inertia; 
A  =  area  of  cross-section ; 
r  =■  radius  of  gyration ; 

c    =  distance  from  neutral  axis  to  outermost  fiber; 
S^  =  ultimate  strength  of  flexure; 
/  =  factor  of  safety ; 
JIf  =  bending  moment. 

I  =  Ar\  (115.)     Art.  1396. 

The  resisting  moment  is  given  by  the  expression 

S  ^  / 

-Ar'  =  ~I,  orS-. 
c  c  c 

For  the  bending  moment 

M^S^l,  (116.)     Art.  1398. 

and,  when  a  factor  of  safety  is  used, 

M=^.           (117.)     Art.  1401. 
/^  

DEFLECTION  OF  A  BEAM. 

Let    rt  =  a  constant  depending  on  the  manner  of  loading 
the  beam  and  the  condition  of  the  ends; 
s  =  the  deflection; 
E  =  the  coefficient  of  elasticity ; 
/  =  the  length  of  the  beam  in  inches; 
fK=  the  total  weight  supported  in  pounds; 
/  =  moment  of  inertia  about  the  neutral  axis. 

]Vl* 
J  =  rt-gy-.  (118.)     Art.  14C)4. 
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STRENGTH   OP  COLUMNS. 

Let  J^=load  on  a  column; 

S,  =  ultimate  strength  for  compression; 

A  =  area  of  section  of  column; 

y  =  factor  of  safety ; 

/   =  length  of  column  in  inches; 

£■  =  a.  constant  to  be  taken  from  table; 

/  =  least  moment  of  inertia  of  cross-section; 

d  =  length  of  longer  side  of  a  rectangular  column. 

d  =  length  of  shorter  side  of  a  rectangular  column, 

or  the  diameter  of  a  circular  column; 
c   =  length  of  one  side  of  a  square  column. 

^=      /  ^'^/n-  (119.)     Art.  1411. 

4  +  7^) 

For  a  circular  column, 

rf=  1.4142 1/-3183  lVf_^  ^/glW/.3183  Wf  _^  joFy 

(121.)     Art.  1413. 
For  a  rectangular  column,  assume  d,  then, 

d= ^^^,      ^\  (122.)     Art.  1413. 


STRENGTH   OF   SHAFTS. 

Let  d  =  diameter  of  a  round  shaft,  or  side  of  a  square 

shaft,  in  inches; 
r  =  a  constant  taken  from  Table  31 ; 
r,  =  a  constant  taken  from  Table  31; 
P  =  a.   force  applied   at  the  end  of   a   lever  arm   in 

pounds; 
r=  length  of  lever  arm  in  inches; 


TABLES  AND  FORMULAS.  119 

Hr=.  horsepower  transmitted  by  shaft; 
N  =■  number  of  revolutions  per  minute; 
^  =  a  constant  taken  from  Table  32 ; 
^,  =  a  constant  taken  from  Table  32 ; 
^   =  a  constant  taken  from  Table  32; 
^,  =  a  constant  taken  from  Table  32. 

For  all  solid  shafts  below  11  inches  in  diameter  use  the 
formula 

d^cYF~r  =  c^\/^r'  (123.)     Art.  1415. 


N 

If  the  diameter  of  a  wrought-iron  shaft  is  greater  than 
12.4',  of  a  cast-iron  shaft  greater  than  10. 3",  or  of  a  steel 
shaft  greater  than  13.6',  the  following  formula  should  be 
used: 

d=zk\rF?=k^\^  (124.)     Art.  1416. 


If  the  shaft  is  hollow  (round)  either  of  the  two  following 
formulas  may  be  used : 


P=^{^\i  r\  (125.)     Art.  1416. 

orH=q,N{^^^~^\.  (126.)     Art.  1416. 


SHAFTS  SUBJECTED  TO  COMBINED  BENDING  AND 
Tl^'ISTING. 

Let  J>  =  bending  moment; 
r  =  twisting  moment; 

/",  =  the  twisting  moment  which  would  have  the  same 
effect  as  B  and  T  acting  together. 


Then,       r,  =  B  +  4//."  +  T\  (255.)     Art.  1991. 

The  twisting  moment  7",  is  called  the  Ideal  t^'istioK 
moment,  and  should  be  used  in  place  of  /Vin  formulas 
123  and  124  to  determine  the  diameter  of  a  shaft 
subjected  to  combined  bending  and  twisting. 
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VALUES  OF  C  ANO  c,  TO  BE  USED  IIV  FORMULA  123. 


Material. 

c 

Ci 

Round. 

Square. 

Round. 

Square. 

Wrought  Iron 

Cast  Iron 

•31 

•353 

.297 

.272 

•309 
.26 

4.92 
5-59 
4-7 

4-31 
4.89 
4. 1 1 

Steel 

VALUES  OF  k,   A,,  q,   AND  fl,  TO  BE  USED  IN  FORMULAS 
124,  125,  AND  126. 


Material. 

k 

k. 

9 

9^ 

Wrought  Iron 

Cast  Iron 

.0909 

•1145 
.0828 

3.62 
4-56 

1,335 

669 

1,767 

.0212 
0106 

Steel  

.028 

STRENGTH  OF  HOPES  AND  CHAINS. 

Let  /*=  working  or  safe  load  in  pounds; 
C  =  circumference  of  rope  in  inches; 
d  =  diameter  of  the  link  of  a  chain  in  inches. 

For  manila  ropes,  hemp  ropes,  or  tarred  hemp  ropes, 

P=100C  (127.)     Art.  1417. 

For  iron  wire  rope  of  7  strands,  19  wires  to  the  strand, 

P=  GOO  C\  (128.)     Art.  1418. 

For    the   best  steel  wire  rope,  7   strands,  19  wires  to  the 
strand, 

P=1,000C.  (129.)     Art.  1418. 

For  open-link  chains  made  from  a  good  quality  of  wrought 
iron, 

P=  12,000  ^\  (130.)     Art.  1421. 

and  for  stud-link  chains, 

/'=  18,000  ^/'.  (131.)     Art.  1421. 
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FORMULAS  USED    IN  APPLIED  MECHANICS. 


RELATION   BETWEEN  THE  DIAMETERS    AND   NUMBER  OF 
REVOLUTIONS  OF   JPULLEVS. 

Let  D^  =  diameter  of  driving  pulle}^; 

A',  =  number  of  revolutions  of  driving  pulley; 

/^j  =:  diameter  of  driven  pulley; 

»,  =  number  of  revolutions  of  driven  pulley. 

N       F 

-^  =  -f\-  (136.)     Art.  1477. 


HORSEPOWER  OF  BELTS. 

Let     H  =  horsepower  to  be  transmitted ; 
JF=  width  of  belt  in  inches; 
S  =  belt  speed  in  feet  per  minute. 

FOR    SINGLE    BELTS. 

^  =  ^-  (138.)     Art.  1488. 

IV=^^^.  (139.)     Art.  1488. 

5  =  -2^^.  (140.)     Art.  1488. 

FOR    DOUBLE    BELTS. 

^=-^.  (141.)     Art.  1489. 

^^030^  (142.)     Art.  1489. 

S  =  ^^^.  (143.)     Art.  1489. 


TEETH   OF  GEAR-WHEELS. 

Let  P=  diametral  pitch : 

D  =  diameter  of  pitch  circle  of  large  gear* 
d  =  diameter  of  pitch  circle  of  small  gear 
O  D=  outside  diameter; 
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/r=  circular  pitch; 

N  =■  number  of  teeth; 

A  =  distance  between  centers  of  wheels; 

K=  velocity;  i.  e.,   revolutions  per  minute  of  large 

gear. 
V  =  velocity;  i.  e.,  revolutions  per   minute  of   small 

gear. 

P=  ^-^,  and  (149.) 

C=  liMli.  (150.)     Art.  1556. 

N=DR  (151.)     Art.  1557. 

N  1       A^4-2 

OD=^-t2xjj  =  -^^^^.  (152.)     Art.  1557. 

^=Om'  (^^^-^     Art.  1557. 

Given  the  distance  between  the  centers  of  two  gears  and 
their  velocities,  the  formulas  for  their  diameters  are 

''='t^/-         (154.) 

and    />  =  -M^.  (155.)     Art.  1557. 


THE  PRONY   BRAKE. 

Let  H.  P.  =  number  of  horsepower  absorbed; 

R  =  length  of  lever  arm  in  feet ; 

W  :^  weight  in  scale  pan ; 

JV  =  number  of  revolutions  per  minute; 

r    —  length  of  lever  arm  in  inches. 

rr    ry       3  X  3.1416  XRX  IV  X  N    ^^ 

xi .  J  .  = )  or 

33,000 

H.  }'.  r=  .0001904  7?  W N.  (156.)     Art.  1593. 

H.  P.  =  .00001580  r  IV N.  (157.)     Art.  1595. 
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FORMULAS   USED    IX    STEAM  BOILERS. 


STRENGTH  OF  BOILER  SHELLS  AND  TUBES. 

Let  /  =  the  pressure  of  steam  in  pounds  per  square  inch ; 
/   =  thickness  of  plate  in  shell  or  tube; 
d  —■  diameter  of  shell  or  tube ; 
S^  =  ultimate  tensile  strength  of  material; 
/  =  factor  of  safety ; 
J  =  efficiency  of  joint; 
/  =  length  of  a  tube  subjected  to  external  pressure 

For  tubes  without  riveted  joints, 

/  =  Z^.  (1 64.)     Art.  1 730. 

/  =  ^^.  (166.)     Art.  1731. 

J  a 

For  tubes  or  shells  with  riveted  joints, 

/  =  H^^.         (167.)     Art.  1731. 
For  tubes  subjected  to  external  pressure, 

/  =  1,000,000-^,  (168.)     Art.  1732. 


RIVETED  JOINTS. 

Let  ^/=:  diameter  of  rivet  hole  in  inches; 
//  =  pitch  of  rivets  in  inches; 
/  =  thickness  of  plate  in  inches. 

h^{\J^yL\d.  (169.)     Art.  1742. 

For  double-riveted  lap  joints  or  single  butt  joints,   for- 
mula 169  becomes 


//  =  (l  +  ^)  d.  ( 1 70.)     Art.  1 


742. 
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For  double-riveted  double  butt  joints,  formula  170 
becomes 

/i  =  (l^'L^\d.  (171.)     Art.  1742. 

The  d  in  the  above  formulas  refers  to  the  diameter  of  the 
rivet  hole,  or  of  the  rivet  after  being  headed. 

The  diameter  of  the  cold  rivet  is  -^j"  less. 

For  single  and  double-riveted  lap  joints  and  butt  joints, 
with  one  cover  plate,  the  diameter  of  the  rivet  is 

d=t-{-f  (172.)     Art.  1742. 

for  values  of  /  between  ^  and  f.  For  butt  joints  with 
double  cover  plates,  the  diameter  of  rivet  may  be  taken 
about  1^  times  the  thickness  of  the  plate. 


FLAT   SURFACES. 

The  strength  of  a  circular  plate  supported  at  the  edges,  as, 
for  example,  the  head  of  a  boiler  shell,  is  given  by  the 
following  formula: 

S  =  ?^,  (174.)     Art.  1751. 


f  =  rY^,  (175.)     Art.  1751. 

where  S  represents  the  safe  tensile  strength  of  the  material, 
r  the  radius  of  the  plate  in  inches,  t  the  thickness  of  the 
plate  in  inches,  and  p  the  pressure  in  lb.  per  sq.  in. 

The  following  formula  gives  the  strength  of  a  square 
unstayed  flat  plate  fixed  along  the  edge  (the  length  of  side 
is  a): 

a"  p 

T? 

(176.)     Art.  1752. 


S  =  -^, 


--l^f 


BOILBR   STAYS. 

Let  A  =  area  in  sq.  in.  of  plate  supported  by  one  stay; 
d  =  smallest  diameter  of  stay  in  inches; 
p  =  pressure  of  steam  in  pounds  per  sq.  in. ; 
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T  =  safe  stress  per  sq.  in.  allowed  on  stay ; 
a  =  pitch  for  stays  arranged  at  equal  distances  apart, 
both  horizontally  and  vertically. 

(177.)     Art.  1756. 


or^=L13|/ZZ 


T 
d=l.l3ay^,  (178.)     Art.  1756. 

2inda=  .8S5dy—.  (179.)     Art.  1756. 

The  values  of  T  used  in  formulas  177,  178,  and  179 

may  be  taken  as  follows: 

For  copper  screw  staybolts T=  4,000 

Iron  Stays. — For  screw  stays,  and  for  other 
stays  not  exceeding  1^  inches  in  diameter, 
and  for  all  stays  which  are  welded T=  6,000 

For   un welded   stays   above   1^    inches    effective 

diameter T=  7,500 

Steel  Stays. — For  screw  stays,  and  for  other 
stays  not  exceeding  1^  inches  effective  di- 
ameter       T=  8,000 

For  stays  above  1^  inches  effective  diameter T=  9,000 

No  steel  stays  are  to  be  welded. 

The  size  of  a  diagonal  stay  may  be  calculated  from  for- 
mula 1  78  by  substituting  — ^-j,  for  /,  B  being  the  angle 
between  the  stay  and  the  shell.     Formula  1 78  thus  becomes 


d?=L13V%2Z_.  (180.)     Art.  1768. 

7  cos  B  ^  ' 

For  the  strength  of  a  girder  stay: 
Let  /=  length  of  girder  in  inches; 

//  =  distance  between  adjacent  girders  in  inches; 

/  =  steam  pressure  in  lb.  per  sq.  in. ; 

b  —  breadth  of  girder  in  inches  =z\  d\ 

</=  depth  of  girder  in  inches. 
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'^=^-  (181-)     Art.  1761. 

^^6,500^  (182-)     Art.  1761. 

For    the    safe    pressure    allowable    on    a    flat     surface, 
strengthened  by  screw  staybolts: 

Let  p  =  pressure  in  lb.  per  sq.  in. ; 
/i  =  pitch  of  staybolts ; 
/=:  thickness  of  plate; 
^  =  a.  constant. 

Then,p  =  i'^,  (183.) 

and   ^  =  ky^.         (184.)     Art.  1763. 

The  constant  k  has  the  following  values: 

For  iron  plates  and  iron  bolts >('  =  24,000 

For  low  steel  plates  and  iron  bolts ^  =  25,000 

For  low  steel  plates  and  low  steel  bolts k  =  28,000 

For  iron  plates  and  iron  bolts  with  nuts k  =  40,000 

For  copper  plates  and  iron  bolts k  =  14,500 


SAFETV  VALVES. 

For  a  dead-weight  safety  valve: 

Let  A  =  area  of   opening  in  valve  seat  in  sq.  in. ; 

/  =  pressure  at  which  the  valve  is  to  blow  off  (in  lb. 

per  sq.  in. ) ; 
W=  dead   weight   in   pounds    (including   weight   of 

valve). 

W=Ap.         Art.  1774. 

For  a  weighted-lever  safety  valve : 

Let   d   = /^  ^  =  distance    from    fulcrum    to    weight    in 
inches; 
c    =  F  G  =  distance    from    fulcrum    to    center     of 
gravity  of  lever  in  inches; 
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a    =  F  V=  distance  from  fulcrum  to  center  of  valve 

in  inches; 
A   =  area  of  orifice  beneath  bottom  of  valve  in  inches; 
IV  =  weight  of  weight  P  in  pounds ; 
IV^  =  weight  of  valve  and  stem  in  pounds ; 
IV^  —  weight  of  lever  in  pounds; 
P  =  blow-off  pressure  in  pounds  per  sq.  in. ; 
W^  =  lVy-{-  JK,  =  combined  weight  of  valve  and  lever; 
b    =  distance  from  fulcrum  of  center  of  gravity  of  JF,. 

and  d  =  -{pA-np-W^c^  ^^^^^^   ^^^  ^^^^ 

KXsod  =^^'''^^^'^.  (187.)     Art.  1778. 

To  find  the  area  of  a  safety  valve: 

Let  a  '■=  area  of  the  valve  opening  in  square  inches ; 

"w  =:  maximum  weight  of  steam  generated  in  pounds 
per  hour; 

p  =  gauge  pressure  in  pounds  per  square  inch. 

a  =-:4^-  (188.)     Art.  1781. 

p  -f-  10 

DIMENSIONS  OF  CHIMNEYS. 

Let  //  =  height  of  chimney  in  feet; 
H.  P.  =  horsepower  of  boiler  or  boilers; 

A  =  actual  area  of  chimney  in  square  feet; 

E  =  effective  area  of  chimney  in  square  feet: 

S  =  side  of  square  chimney  in  inches; 

fi  =  diameter  of  round  chimney  in  inches; 

/>  =  pressure  of  draft  in  inches  of  water; 

T„  =  absolute  temperature  of  outside  air; 

Tf  =  absolute  temperature  of  gas  in  chimney. 

/  =  //(^-"^).  (192.)     A.i.  1825. 
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E=---^^-  =A-.6VA.  (194.)     Art.  1827. 


H.  P.  =  3.dd  £ VTT:  (195.)     Art.  1827. 

S=12/£  +  4.  (196.)     Art.  1827. 

d=13.5i/£  +  4:.  (197.)     Art.  1827. 

The    maxtmufu   rates   of   combustion    attainable    under 
natural  draft  are  given  by  the  following  formulas: 

Let  F  =  weight  in  pounds  of  coal  per  hour  per  square 
foot  of  grate  area; 
H  =  height  in  feet  of  chimney  or  stack. 
Then,     for     anthracite     coal    burned    under    tlie    most 
favorable  conditions, 

F  =  2/7T-1,  (198.)     Art.  1829. 

and  under  ordinary  conditions, 

F  =  1.5/7/-!.  (199.)     Art.   1829. 

For  best  semianthracite  and  bituminous  coals,  ^ 

F  =  2.25/7/,  (200.)     Art.  1829. 

and  for  less  valuable  soft  coals, 

F  =  d  /H.  (201 .)     Art.  1 829. 


GRATE  AREA. 

Let  G  =  area  of  grate  in  sq.  ft. ; 

F  =  rate   of   combustion  in  lb.  per  sq.  ft.  of   grate 

surface  per  hour ; 
W=  weight  of  steam  generated  per  hour  by  boiler  or 

boilers ; 
e  =  evaporation  in  pounds  of  water  per  pound  of 

coal  per  hour. 

Then,  ^  = -^^  (202.)     Art.  1830. 

In  using  tnis  formula   care  must  be  taken  that  Wa.nde 
are  taken  at  the  same  pressure  and  temperature. 
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TO  REDUCE  THE  ACTUAL  EVAPORATION  TO  AI«  EQUIVA. 
LENT  EVAPORATION. 

Let  IV  =  the  actual  evaporation; 

H  =  total   heat   of  steam   above  32°  at   pressure  of 

actual  evaporation; 
/  =  observed  temperature  of  feed-water; 
W=  equivalent  evaporation  from  and  at  212°. 
Then,  IF(i^-  /+  32)  =  966.1  W\ 

or  IV=^^^^-J;^^^\  (203.)    Art.  1838. 

9oo.  1 

— -I  which  changes  actual  evapor- 
ation to  equivalent  evaporation  from  and  at  212°  is  called 
the  factor  of  evaporation. 


TO  FIND  THE  QUALITV  OF  STEAM  BY  MEANS  OF  THE 
BARREL  CALORIMETER. 

Let  IV  =  original  weight  of  water  in  barrel ; 

■TV  =  weight  of  steam  and  water  condensed  in  the 

cold  water; 
/    =  latent  heat  of  steam  at  observed  pressure ; 
/    =  temperature  of  steam  at  observed  pressure; 
/,   =  initial  temperature  of  water; 
/,   =  final  temperature  of  water; 
X    =  the  portion  of  la  which  is  dry  steam ; 
Q   =  quality  of  steam ;  that  is,  the  percentage  of  the 
mixture  evaporated,  which  is  pure  dry  steam. 

G  =  ^=7[^(^-0-(^-0]-         (204.)     Art.  1853. 


TO    FIND    THE    QUALITY    OF    STEAM    BY   MEANS  OF    THE 
SEPARATOR  CALORl.METER. 

Let  IV  =  weight    of    dry    steam    discharged     from     the 
instrument; 
zv  =  weight  of  water  drawn  from  separator; 
R  =  water  condensed  by  radiation; 
Q  =  quality  of  steam. 

Q  =  -U^^^-  (20«-)     Art.  .865. 

\i.  i:.    VI.— 42 
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FORMULAS    USED    IN   MACHINE    DESIGN. 


PROPORTIONS  OF  BOLT  HEADS,  NUTS,  AND  l^ASHERS. 

^=  diameter  of  bolt. 

Diameter  of  nut  or  head  across  flats: 

n=!tvl    *-f°Ttr''''\   f       (220-)     Art.  1937. 

D  —  \\d  -\-  yY  for  finished  work.  )        ^  ' 

Height  of  nut: 

^  =  ^for  rough  work  )  Art.  1937. 

h=^  a  —  -jig-    for  finished  work.  ) 

Thickness  of  washer,  t  =  .lo  d.         (222.)     Art.  1937. 

Diameter  of  washer,  i:),  =  li  Z>..        (223.)    Art.  1937. 

The  above  proportions  for  diameters  D  hold  for  both 
hexagonal  and  square  nuts.  The  diameter  across  corners 
Z?j  is  as  follows: 

For  hexagonal  nuts: 

^.Hi:V3^::"'f:rfilter„:ts.     (224.)   Art.  1937. 

For  square  nuts: 

(2. 12  ^+-18"  for  rough  nuts.        r^^g^^     ArtioaT 
^»=(  2. 12  ^+.09"  for  finished  nuts.     ^^^^'^    Art.  1937. 

Height  of  head: 

f,"*v'^'y'^°T"\\''fu     \  (226.)     Art.  1937. 

h  =    a  —  -^   for  finished  bolts.  )  ^ 


PROPORTIONS  OF  KEYS. 

Let   b  =  width  of  key  in  inches; 

t  =  thickness  of  key  in  inches; 

/  =  length  of  key  in  inches; 
iV=  number  of  revolutions  per  minute; 
H  =  horsepower  transmitted  by  a  pulley. 


12^16 


>  For  driven  pulleys.       (234.)  Art.  1965. 
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/  =1^+16'  1  For  driving  pulleys.       (235.)  Art.  1965. 


When  d? is  less  than  1^ in.,  , 


(236.)  Art.  1965. 


When  the  pulley  transmits  but  a  small  part  of  the  power 
of  a  shaft,  use  the  formula  d=  by  -^from  which  to  obtain 

the  value  of  d  to  use  in  formula  236. 
For  sliding  feather  keys, 


8  ^  16 

16^16 


(237.)     Art.  1965. 


PROPORTIONS  AND  STRENGTH  OF  GBAR-YPHEELS. 

Let  /  =  pressure  acting  at  pitch  line ; 

b  =  breadth  of  tooth ; 

n  =  number  of  revolutions  per  minute; 
I/=  horsepower  transmitted; 
D  =  diameter  of  gear  in  inches; 
C  =  the  circular  pitch ; 
P  =  diametral  pitch ; 
5  =  allowable  working  stress  in  tooth ; 

V  =  velocity  of  a  point  in  the  pitch  circle  in  feet  per 
minute; 

c  =  thickness  of  rim. 

dC=16.S^  (266.)     Art.  2024. 

If  V  is  greater  than  100  feet  per  minute  make 

To  insure  durability  make 
^  =  28,000,  or  ^  =  ^^.  (268.)     Art.  2025, 
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To  calculate  the  dimensions  of  the  arms: 
Let  z   =  number  of  arms  in  wheel ; 

a   =■  width  of  arm,  measured  at  center  of  wheel . 

X  =  thickness  of  arm ; 

5,  =  allowable  safe  stress  in  arm ; 

R  =  radius  of  wheel  in  inches; 

p  =  pressure  between  gears  at  pitch  line. 
For  cross-shaped,  T,  or  I  sections: 

(270.)     Art.  2030. 

For  oval  or  elliptical  sections: 


a  = 


a 


Tr 


«=1.75 

a 


Pz. 


(271.)     Art.  2030. 


;r  = 


2 


For  thickness  of  rim : 

c  ^\  C  for  large  gears  and  coarse  pitch. 

^=  .4  (7x  i"  for  gears  with  small  pitch. 


PROPORTIONS  OF  BEVEL  GEARS. 

Denote  the  mean  circular  pitch  by  C^. 


Then,  ^C^  =  16.8|. 


(266^.)  Art.  2033. 


c    =  .4  C  +  i"  =  ^  +  i'.  (269^. )  Art.  2033. 

(270«.)  Art.  2033. 


a   = 


Rb 
z 


=  L75y  ■ 


bR 


(271a.)  Art.  2033. 
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RULES  AND  FORMULAS  USED  IX  PRINCIPLES 
OF  ELECTRICITY  AND  MAGNETISM. 


OHM'S   LA^', 

The  strength  of  an  electric  current  in  any  circuit  is  directly 
proportio7ial  to  the  electromotive  force  developed  in  that  cir- 
cuit and  inversely  proportional  to  the  resistance  of  the  cir- 
cuit;  i.  e.,  is  equal  to  the  quotient  arising  from  dividing 
the  electromotive  force  by  the  resistatice. 

Let  E  =  electromotive  force ; 
C  =  current ; 
R  =  resistance  of  circuit. 

Then,  C=^, 

£=CR,  and  R  =  -^.     Art.  2253. 


STRENGTH    OF    CURRENT    DETERMINED    BY    DECOMPOSI- 
TION  OF    WATER. 

By  universal  agreement,  1  ampere  is  that  strength  of 
current  which  will  decompose  .00009324  gram  or  .0014388 
grain  of  water  in  1  second. 

Rule. —  To  fnd  the  strength  of  an  electric  current  in  am- 
peres by  the  decomposition  of  water ^  divide  the  weight  of  the 
quantity  of  water  decomposed  by  the  time  in  seconds  required 
to  decompose  it;  if  the  mass  of  water  is  expressed  in  grants^ 
divide  the  quotient  by  .0000932 J^;  but  if  expressed  in  grains^ 
divide  by  .0011^88. 

Let  W  =:.  weight  of  water  deconrposed  in  grams; 
w  =  weight  of  water  decomposed  in  grains; 
/  =  time  in  seconds  required  for  decomposition; 
C  —  current  in  amperes. 

Then  the  strength  of  the  current  in  amperes  is  given  by 
the  formulas: 

W 
/X  .00009324'  y^^^'i 
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in 
^=/X. 0014388-  (402.)     Art.  2276. 

Rule. —  To  find  the  quantity  of  water  which  an  electric 
current  of  a  given  strength  can  decompose  in  a  given  time, 
multiply  the  strength  of  the  current  in  amperes  by  the  time  in 
seconds  during  which  the  current  fioxvs ;  if  the  quantity  of 
water  is  to  be  expressed  in  grains^  multiply  the  product  by 
.0000932  Jf.;  but  if  in  grains,  multiply  by  .0014888. 

Let  q  =  quantity  of  water  in  grams; 
q'  =  quantity  of  water  in  grains; 
/  =  time  in  seconds  of  current  flow; 
^7=  current  in  amperes. 

Then  the  quantity  of  water  which  can  be  decomposed  by 
a  current  of  C  amperes  in  /  seconds  is  given  by  the  for- 
mulas: 

q  =  .00009324  C  t.  (403.) 

^'  =  .0014388  (7  A  (404.)     Art.  2277. 


RELATION   OF   AMPERE   AND   COULOMB. 

Let  Q  =  quantity  of  electricity  in  coulombs  ; 
C  =  strength  of  current  in  amperes; 
t  =  time  in  seconds. 

Then,        Q=Ct.  (405.)     Art.  2281. 

By  transposition,  C  =  ^  and  t  =  ^. 


RESISTANCE  OF  CONDUCTORS. 

The  resistance  of  a  given  conductor  is  always  constant  at 
the  same  temperature,  irrespective  of  the  strength  of  current 
flozving  through  it  or  the  electromotive  force  of  the  current. 
Art.  2291. 

The  resistance  of  a  given  conductor  increases  as  the  length 
of  the  conductor  increases ;  that  is,  the  resistance  of  a  con- 
ductor is  directly  proportional  to  its  length.     Art.   2293. 
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Let  /-,  =  the  original  resistance ; 

r,  =  the  required  or  changed  resistance; 
/.  =  the  original  length ; 
/,  =  the  changed  length. 

Then,  r,  :  r,  =  /,  :  /„  or    r,  =  ^i  (406.) 

Art.  2292. 
The  resistance  of  a  conductor  varies  inversely  as  its  sec- 
tional area. 

Let  r,  =  the  original  resistance; 
r,  =  the  required  resistance; 
flj  =  the  original  sectional  area ; 
a,  =  the  changed  sectional  area. 

Then,      r,  :  r,  ::  «,  :  a^ ,  or  r,  =  '^.  (407.) 

Art.  2296. 
The  resistance  of  a  conductor  of  circular  cross-section  is  in- 
versely proportional  to  the  square  of  its  diameter. 

Let  r,  =  the  original  resistance; 
r,  =  the  required  resistance  ; 
D  =  the  original  diameter; 
d  =  the  changed  diameter. 

(408.) 
Art.  2298. 

OHM'S  LAW^   APPLIED  TO  CLOSED  CIRCUITS. 

Ohm's  law  expresses  the  relation  between  the  three 
fundamental  units  of  resistance,  electrical  pressure,  and 
current.  If  any  two  of  these  values  are  known,  the  third  is 
found  by  solving  the  simple  equation  of  their  relation. 
Before  applying  this  law,  however,  the  following  four  facts 
should  be  carefully  noted: 

I. —  The  strength  of  a  current  {C)  is  the  same  in  all  parts 
of  a  closed  circuity  except  in  the  case  of  divided  circuits. 

II. — In  the  case  of  a  divided  circuit,  the  sum  of  the  cur- 
rents in  the  separate  branches  is  always  equal  to  the  current 
in  the  main  or  undivided  circuit. 
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III. —  Tlie  resistance  (R)  is  the  total  resistance  of  the  cir- 
cuit, that  is,  the  sunt  of  the  resistances  of  the  internal  circuit 
and  of  the  external  circuit,  or  its  equivalent. 

IV. —  The  electromotive  force  (E)  in  a  closed  circuit  is  the 
total  generated  difference  of  potential  in  that  circuit. 

The  law  may  now  be  stated  by  the  following  rules  and 
formulas: 

Rule  I. —  The  strength  in  amperes  of  a  current  (Q  flowing 
in  a  closed  circuit,  when  the  electromotive  force  {E)  and  the 
total  resistance  (R)  are  known,  is  fourid  by  dividing  the 
electromotive  force  in  volts  by  the  total  resistance  in  ohms ; 
that  is, 

^                    electromotive  force  ^      E  ,  ^^^  , 

^^^'"^"^  = resistance '  ""' ^ ^R'  (409.) 

Rule  II. —  The  total  resistance  (R)  in  ohms  of  a  closed  cir- 
cuit, zvhen  the  electromotive  force  {E)  and  the  current  {C) 
are  known,  is  found  by  dividing  the  electromotive  force  in 
volts  by  the  current  in  amperes ;  that  is^ 

^     .  electromotive  force  „      E         /  ^  ^  ^  v 

Resistance  = ,  or  R  =-^.         (410.) 

current  6 

Rule  III. —  Tlie  total  electromotive  force  {E)  in  volts 
developed  in  a  closed  circuit,  when  the  current  {C)  and  the 
total  resistance  (R)  are  known,  is  found  by  multiplying  the 
current  in  amperes  by  the  total  resistance  in  ohms  ;  that  is, 

Electromotive  force  =  current  X  resistance, 

or  E  =  CR.  (411.)     Art.  231 0. 


TOTAL  AND   AVAILABLE  E.  M.  F.   IN    VOLTAIC  CELL. 

Ijtt  E  =  total  generated  E.  M.  F. ; 
E'  =  available  E.  M.  F. ; 

C  =  current  flowing  when  the  circuit  is  closed; 
r,-  =  internal  resistance  of  the  cell; 
r^  =  an  external  resistance. 

Then  E'  =  Cr,, 

E=zC(r,  +  r^ 
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and  the  drop  or  loss  of  potential  is 

E-E'  =  Cr^.  Art.  2318. 


OHM'S  LAW   APPLIED   TO   DERIVED  CIRCUITS. 

Let  r,,  r^,  r^,  etc.  =  the  separate  resistances  of  the  several 
branches,  respectively ; 
^u  ^!n  '^s'  ^^^-  —  ^^^  currents  in  each  branch,  respect- 
ively; 
67=  the  current  in  the  main  circuit; 
R"  =  joint  resistance  of  two  branches; 
R'"  =  joint  resistance  of  three  branches. 

For  a  derived  circuit  of  t^vo  branches  : 

^,  +  ^,  =  <^. 
c^:c^=-  :  I,  or  ^  =  -'.  Art.  2323. 

Joint  conductivity  = \ —  =    '     — -. 

R'  =  ^^^.  (412.)      Art.  2325. 

r,  +  r, 

77/^  y(3/«/  resista?ice  of  two  conductors  in  parallel  is  equal 
to  the  product  of  their  separate  resistances  divided  by  the  sum 
of  their  separate  resistances. 

For  a  derived  circuit  of  three  branches: 

'^i  +  <^,  +  -^j  =  c 
1    1    1 

c  \  c   \  c  ■=■  —  \  —  \  —. 

'    '    '    ^,   ^  ^ 

Joint  conductivity  =  i  +  -  +  i  =  ^*  ^'  +  ^'i  ^  +  ^.  ^ 
-^       r,       r,   •   r.  r^r^r^ 

R"'=  1  ---  ^^  +  ^^+^^  = .^'^«^* .       (41 3.) 

Art    2326. 

The  Joint  resistance  of  three  or  more  conductors  in  parallel 
is  equal  to  the  reciprocal  of  their  Joint  conductiinty. 
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BLECTRICAL   IVORK. 

Rule. —  To  find  the  amount  of  electrical  work  accomplished 
in  joules  during  a  given  timc^  multiply  the  quantity  of  elec- 
tricity in  coulombs  zvhich  has  passed  in  the  circuit  during  that 
time  by  the  loss  or  drop  of  potential.     Art.  2334. 

This  rule  may  be  expressed  by  the  following  formulas,  for 
the  three  cases  occurring  in  practical  work: 

Let  y  =  electrical  work  in  joules; 
C  =  current  in  amperes; 

/  =  time  in  seconds  during  which  current  flows; 
^  =  E.  M.  F.  of  circuit ; 
R  =  resistance  of  circuit. 

Then,  J^C'Rt.  (414.)  Art.  2335. 

J=CEt.  (415.)  Art.  2336. 

7=^.     (416.)  Art.  2337. 

If  F.  P.  denotes  the  electrical  work  in  foot-pounds, 
F.  R  =  .7373/.  (417.)     Art.  2338. 


JOULE'S   LAHV. 

Let      //"=  B.  T.  U.  developed  in  the  circuit  ; 
C  =  current  in  amperes  ; 
R  =  resistance  in  ohms  ; 
/   =  time  in  seconds. 

Then,  N  =  .OOOM77  C  R  t.  (418.)     Art.  2343. 


ELECTRICAL  POWER. 

In  every  electrical  circuit  the  power  in  watts  is  equal  to  the 
product  obtained  by  multiplying  the  current  in  amperes  by  the 
electromotive  force  in  volts. 

In  every  electrical  circuit  the  power  in  watts  is  equal  to 
the  product  obtained  by  'multiplying  the  square  of  the  current 
strength  in  amperes  by  the  resistance  of  the  circuit  in  ohms. 
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In  every  electrical  circuit  the  pozver  in  watts  is  equal  to 
the  quotient  obtained  by  dividing  the  square  of  the  electro- 
motive force  in  volts  by  the  resistance  in  ohms. 

Let  IK=  total  watts  exerted  in  the  circuit; 
E  =  volts  of  electromotive  force ; 
C   =  current  in  amperes; 
R  =  resistance  in  ohms. 


Then,  11'=  EC. 
\V=OR. 
E* 


IV  = 


R 


(419.)  Art.  2350. 
(420.)  Art.  2352. 

(421.)  Art.  2353. 


Let  H.  P.  =  horsepower 

\V_ 
746* 

EC 
746' 

C^R 


Then,         H.  P. 


H.  P.  = 


H.  P.  = 


H.  P.  = 


746* 

E' 

746/?' 


(423.) 

Art. 

2356. 

(424.) 

Art. 

2356. 

(425.) 

Art. 

2356. 

(426.) 

Art. 

2356. 

MAGNETIC     DENSITY    ANI>    MAGNETIC    LINES    PER 
UNIT   POLE. 

Let  N  =  total  number  of  lines  of  force ; 

A  =  sectional   area   of    magnetic   circuit    in   square 

inches; 
B  =  magnetic  density  per  square  inch. 


B  =  ?- 


Then,  B  =  '-^.  (427.)     Art.  2377. 

A^  =  ^  B.  (428.)     Art.  2378. 

Every  magnet  pole  of  unit  strength  has  J 2.5664  (=  ■^^) 
magnetir  lines.     Art.  2380. 

Unit  density  of  magnetism  is  a  density  of  6.4SS  lines  of 
force  per  square  inch.     Art.  2381. 
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TO   DETERMINE   THE  POLARITY   OF   A   SOLENOID. 

Rule. — In  looking  at  the  end  of  the  helix ^  if  it  is  so  wound 
that  the  current  flows  around  in  the  direction  of  the  hands  of 
a  tvatch,  that  end  will  be  a  south  pole ;  if  in  the  other 
direction,  it  will  be  a  north  pole.     Art.  2390. 


MAGNETOMOTIVE  FORCE. 

Let    a  =  current  in  amperes; 
t  =  number  of  turns; 
a-t  =  ampere-turns; 
/  =  length  of  magnetic  circuit; 
H  =  intensity  of  magnetomotive  force. 

Then,  magnetomotive  force 

=  1.257  X  a-t, 

=  3.192  X  a-t  for  English  units.       (429.)    Art.  2391. 

H  =  3.192  x^-/^  (430.)     Art.  2392. 


CALCULATION   OF  THE  MAGNETIC  CIRCUIT. 

Let       /  =  length  of  magnetic  circuit  in  inches ; 

A  =  sectional  area  of  circuit  in  square  inches, 
ju  =  permeability; 
A^  =  induction; 
a-t  =  ampere-turns; 
R  =  reluctance  of  magnetic  circuit; 
R„  Rj,  etc.  =  reluctances  of  various  substances  in  compound 
circuit. 

Then,   R  =  ^— .     (431.)  Art.  2409. 

N=   3.192^x^-^     ^^32^^  ^^^_  ^^^^ 

N 
a-t  =  —r—  X  R.  Art.  2409. 

N 
''"^"3JL92  ^  ^^'  +  R,  +  etc.).     (433.)  Art.  2409, 
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POl^'EH   EXI»EXDEI>   BY    HYSTERESIS. 

Let  w  —  power  in  watts  expended  per  cubic  inch  per  cycle ; 
V  =  volume  in  cubic  inches; 
n  =  cycles  per  second; 
IV  =  total  watts  expended 

Then,  lV='ii;vn.  (434.)     Art.  2414. 

Rule. — To  find  the  power  expended  by  hysteresis  in  sheet 
iron  at  a  given  stage  of  magnetisation^  multiply  the  zvatts 
expended  at  that  stage,  as  given  by  the  curve,  by  the  number 
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of  cubic  inches  of  iron  in  the  magnet  and  the  number  of 
cycles  per  secojid. 

Various  corresponding  readings  of  B  and  w  are  plotted 
on  a  sheet  of  cross-section  paper,  and  the  various  points  are 
connected  by  a  curved  line.  The  ordinates  represent  the 
different  densities  B,  and  the  abscissas  the  corresponding 
number  of  watts  expended  in  one  cubic  inch  of  iron  for  one 
cycle  per  second.  By  referring  to  the  curve,  all  the  interme- 
diate values  of  B  and  the  corresponding  watts  expended 
can  be  determined. 

MAGNETIC   LEAKAGE. 

If  the  total  number  of  lines  of  force  produced  by  the 
magnetizing  coils  and  the  useful  number  are  known,  the 
magnetic  leakage  can  be  expressed  by  a  per  cent,  of  the 
total  number  produced.     Thus, 

Let  /  =  total  number  of  lines  of  force; 
/„=  useful  number  of  lines  of  force; 
/^  =  stray  lines  of  force ; 
/  =  per  cent,  leakage. 

Then,      4r=/_4.  (435.)    Art.  2418. 

The  percentage  of  leakage  is  found  from  the  formula 

/=-^^^  (436.)     Art.  2419. 

To  find  the  total  number  of  lines  of  force  when  the  per- 
centage of  leakage  and  the  number  of  useful  lines  of  force 
are  known,  use  the  following  formula: 

^=TW=i-         ('*^^-)     Art.  2420. 


CALCULATION  FOR  LIFTING  MAGNET. 

Let  A  =  total  area  of  contact  surface; 

B  =  density  in  lines  of  force  per  square  inch; 
P=  total  tractive  force  in  pounds; 
/  =  tractive  force  in  pounds  per  square  inch; 
N=-  induction,  or  total  number  of  lines  of  force. 
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'^''»'^=«J6>i50-  (^38.)     Art.  2424. 

That  is,  the  tractive  force  of  a  magnet  increases  directly  as 
the  total  area  of  the  stirface  in  contact  with  the  armature^ 
and  as  the  square  of  the  density  of  the  lines  of  force  in  the 
magnetic  circuit  where  it  passes  across  that  surface. 

B  =  8,493  y^.  (439.)     Art.  2426. 


A' 
B* 


A^==  72,134,000-^.  (440.)     Art.  2427. 


N' 


72, 134,000  yi' 


(441.)     Art.  2428. 


^-W:m'  (^42-)     Art.  2429. 

.-^=  72,13^^0 />•  (443.)     Art.2430. 

To  find  the  number  of  ampere-turns  required  to  energize 
a  magnet  for  a  given  traction  when  the  permeability  of  the 
iron  or  steel  used  is  known  and  the  dimensions  of  the  arma- 
ture and  magnet  have  been  established: 

Let      7^=:  tractive  force  of  one  contact  surface;  then, 

2  /*is  the  total  tractive  force  of  the  magnet; 

/,  and  /,  =  the  lengths  of  the  magnetic  circuit  in  magnet 

and  armature,  respectively; 

A^  and  A^  =  sectional  areas  of  magnetic  circuit  in  magnet 

and  armature,  respectively; 
Mi  and  /i,  =  permeabilities  of  the  iron  or  steel  used  in  the 
magnet  and  armature,  respectively; 
B  =  magnetic  density  at  contact  surface. 

Then,  the  ampere-turns  ' 

a.t  =  22,598,370  X  ^^X  (-j^^  +  -^-^\  (444.) 

B      Vi.X/x.      A,XfiJ    Art.  2431. 

Hule. — /;/  the  case  of  an  electromagnet  intended  to  develop 
a  ^iven  tractive  power^  the  ampere-turns  are  equal  to  the 
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tractive  force  of  one  contact  surface  multiplied  by  the  re- 
luctance of  the  circuit  and  by  22,598,370,  and  divided  by 
the  tnagnetic  density  at  the  contact  surface. 

To  find  the  ampere-turns  required  to  energize  a  magnet 
for  a  given  tractive  force  when  the  armature  and  magnet 
are  made  of  the  same  quality  of  iron  or  steel  and  the  sec- 
tional area  of  the  magnetic  circuit  is  the  same  in  the 
armature,  magnet,  and  contact  surfaces: 

Let  /=  total  length  of  magnetic  circuit  in  inches; 
/'=:  tractive  force  at  one  surface; 
yu  =  permeability  of  iron  or  steel  used; 
A  =  cross-sectional  area  of  magnetic  circuit; 
iV=  total  number  of    lines  of   force  in   the  magnetic 
circuit. 


Then,  rt-2'  =  2,6GlX  "X 


P 

A 


(445.)     Art.  2432. 


As  showing  the  relation  between  formulas  439  and  445, 
the  latter  may  be  written: 


a-t  = 


3.193       ^  \i 


B  / 

3.193  ^  \i' 


(446.)    Art.  2432. 


ELECTROMAGNETIC    INDUCTION. 

To  determine  the  direction  of  motion  of  a  con- 
ductor carrying  a  current  of 
electricity  when  placed  in  a 
magnetic  field  : 

Rule. — Place  thumb,  forefinger, 
and  middle  finger  of  the  left  hand 
each  at  right  angles  to  the  other  two  ; 
if  the  forefinger  shows  the  direction 
of  the  lines  of  force  and  the  fuiddle 
finger  shows  the  direction  of  the  current,  then  the  thumb  will 
show  the  direction  of  motion  given  to  the  conductor.  Art. 
2439. 
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To  determine  tlie  direction  of  induced  currents : 

Rule. — Place  thumb^  forefinger^  and  middle  finger  of  tin 
right  hand  each  at  right  angles  to 
the  other  two;  if  the  forefinger 
shows  the  direction  of  the  lines  of 
force  and  the  thumb  shows  the  di- 
rection of  motion  of  conductor,  the 
middle  fitiger  will  show  the  direc- 
tion of  the  induced  current.  Art. 
2442. 

To  determine  the  direction  of  induced  currents 
in  a  closed  coil : 

Rule. — If  the  effect  of  the  movement  is  to  diminish  the 
tiumber  of  lines  of  force  tliat  pass  through  the  coil.,  the  cur- 
rent will  flow  around  in  the  conductor  in  the  direction  of  the 
Juxnds  of  a  watch  as  viewed  by  a  person  looking  along  the 
magnetic  field  in  the  direction  of  the  lines  of  force ;  but  if 
the  effect  is  to  increase  the  number  of  lines  of  force  that  pass 
through  the  coil.,  the  current  will  flow  around  »'"  the  opposite 
direction.     Art.  2446. 

DETEHMIXATIOX   OF  E.   M.  F. 

One  absolute  unit  of  potential  is  generated  in  a  conductor 
when  it  is  cutting  lines  of  force  at  the  rate  of  one  line  of 
force  per  second. 

By  definition,  one  volt  is  equal  to  100,000,000  (10")  absolute 

units ;  consequently,  in  order  to  generate  an  electromotive 

force  of  one  volt,  the  rate  of  cutting  must  be  10'  lines  of 

force  per  second.     This  can  also  be  expressed  algebraically. 

Let  E  =  the  electromotive  force  in  volts ; 

N  =  the  total  number  of  lines  of  force  cut  by  the  con- 
ductor; 
/  =  time  in  seconds  taken  to  cut  the  lines  of  force. 

Then,    i?=^_  (447.)     Art.  2449. 

That  is,  the  electromotive  force  in  volts  generated  in  a  molt- 
ing conductor  is  found  by  dividing  the  total  number  of  lines 
of  force  cut  by  the  conductor  by  the  titne  taken  and  by 
100,000,000. 

H.  i:.     I  l.—ii 
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RULES    AND    FORMULAS    USED    IN   ELECTRICAL 
MEASUREMENTS. 


THE   GALVANOMETER. 

Let  f  =  force  in  dynes  exerted  on  magnet  pole; 

r  =  radius  to  which  conductor  is  bent,  centimeters; 

/    =  number  of  turns  in  the  coil; 

A  =  current  expressed  in  C.  G.  S.  units; 

//=  horizontal  component  of  the  earth's  field; 
m°  =  angle  between  magnet  and  direction  of  earth's 
field; 

C  =  current  in  amperes; 

Q  =  quantity    of    electricity    in    coulombs    passing 
through  the  coils  of  the  galvanometer; 

d!  =  deflection  in  divisions  on  scale  (reflecting  galva- 
nometer) ; 

K=  galvanometer  constant,  which  is  determined  for 
each  individual  instrument. 

Then,    /  =  li^^.  (448.)     Art.  2461. 

For  a  tangent  galvanometer, 

/=IItanm°.  (449.)     Art.  2463. 

C=K tan  m°.  (450.)     Art.  2468. 

For  a  sine  galvanometer, 

/=B'smfn°.  (451.)     Art.  2473. 

In  the  ballistic  galvanometer, 

Q  =  Ksm'-^.  (452.)     Art.     2478. 

Q  =  Kd.  (453.)     Art.  2478. 


GALVANOMETER   SHUNTS. 

Let  Cg  =  current  in  galvanometer; 
Cg  =  current  in  shunt; 
C  =  total  current; 
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Rg  =  resistance  in  galvanometer; 
Rg  =  resistance  in  shunt; 

.    K 

n  =  ratio  -^. 

Then,    C=C,+  C,. 

Cg  =  -^.  (454.)     Art.  2488. 


MEASUREMEXT  OF  CURRENT. 

By  decomposition  of  water: 

Let  ii',  =  the  original  weight  of  apparatus; 

zi\  =  the  weight  after  the  current  has  passed ; 
/  =  time  in  seconds  during  which  the  current  flows; 
C  :=  strength  of  current  in  amperes. 

Then,  if  the  weights  are  taken  in  grams, 

■        ^=^^f  (««•)    Art.  2495. 

If  the  weights  are  in  grains, 

^  =  :m^>-  f^'^^-)    Art.  2495. 

Rule. —  To  determine  the  strength  of  a  current  by  decom- 
position of  water ^  subtract  from  the  original  weight  of  the 
apparatus  its  weight  after  the  current  has  passed  through ; 
divide  this  result ,  expressed  in  grams  or  grains,  by  the  length 
of  time  the  current  was  passing,  in  seconds,  multiplied  by  the 
number  of  grams  or  grains  of  water  which  can  he  decomposed 
by  1  ampere  in  1  second. 

By  deposition  of  copper  : 

Let  w,  =  the  original  weight  of  gain  plate; 

w^  =  the  weight  after  the  current  has  passed; 
/  =  time  in  seconds  during  which  the  current  flows; 
C  =  strength  of  current  in  amperes. 

Then,  if  the  weights  are  m  grams, 

^=:mmh      (-i*^-)  Art.2501. 
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Tf  the  weights  are  in  grains, 

11)     It! 

^=XKk)687-  (458-)     Art.2501. 

Rule. — In  order  to  determine  the  strength  of  current  by 
measurement  of  copper  deposited^  subtract  the  original  weight 
of  t lie  gain  plate ^  in  grams,  from  the  lueight  as  found  after 
the  experiment;  divide  this  result  by  the  length  of  time  the 
current  zvas  flowing  in  seconds  multiplied  by  the  number  of 
grams  of  copper  whicJi  can  be  deposited  by  1  ampere  in  1  second. 


EFFECT   OF   TEMPERATURE   O^    RESISTANCE. 

The  formulas  representing  the  effects  of  the  increase  of 
temperature  upon  the  conductivity  of  a  substance  may  be 
written  as  follows: 

Let  r^  =  original  resistance; 

r,  =  resistance  after  rise  of  temperature; 
a  =■  temperature  coefficient  for  each  degree  Cen- 
tigrade ; 
b   =  temperature  coefficient  for  each  degree  Fah- 
renheit: 
C°  =  rise  of  temperature  degrees  Centigrade  (see 
table    of    Centigrade    and    Fahrenheit    De- 
grees) ; 
F°  =  rise  of  temperature  degrees  Fahrenheit. 

Then,  r,  =  r,  (1  +  ^  C°),  (460.)     Art.  2517. 

and        r^  =  r^{l-}-bF°).  (461.)     Art.  2517. 

The  formulas  for  the  decrease  of  resistance  with  decrease 
of  temperature  are  as  follows: 

Let    r,  =  original  resistance; 

r,  =  resistance  after  lowering  of  temperature; 
a    =  temperature  coefficient  for  each  degree  Centi- 
grade; 
b    =  temperature    coefficient    for   each    degree  Fah- 
renheit; 
d7°  =  fall  of  temperature  degrees  Centigrade; 
F°  =  fall  of  temperature  degrees  Fahrenheit. 
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Then,  /•,  =  -— ^^.  (462.)     Art.  2518. 


1  +  ^^" 


(463.)     Art.  2518. 


The  values  of  a  and  d  used  in  formulas  460  to  463  may 

be  found  in  the  table  of  Temperature  Coefficients  for  Vari- 
ous Metals. 


IXSULATIOX   RESISTANCE   OF   A   LINE. 

First  mettiod  : 

Let  R  =  known  resistance; 
/  =  insulation  resistance ; 

d  =  the  angle  of  deflection  when  R  is  in  circuit; 
d^  =  the  angle  of  deflection  when  /  is  in  circuit. 

Then,     I=^^^^f.  (464.)     Art.  2522. 

tan  a, 

That  is,  the  insulation  resistance  of  a  line  is  equal  to  a 
given  resistance  multiplied  by  the  quotient  obtained  by  divi- 
ding the  tangent  of  the  angle  of  galvanometer  deflection  when 
that  resistance  is  in  circuit  by  the  tangent  of  the  angle  of  de- 
flection when  the  circuit  is  through  the  line. 

Second  method  : 

Let  /  =  insulation  resistance ; 

R=  known  adjustable  resistance; 

X  =  number  of  cells  in  battery; 

d  =  deflection  of  galvanometer  connected  in  series 
with  one  cell  and  known  resistance; 

d^  —  deflection  of  ralvanometer  when  connected  in 
series  with  all  the  cells  and  the  insulation  resist- 
ance. 

Then,       /  =  ^-^^.  (465.)      '        2530. 


i5o  Cables  AND  formulas. 

Resistance  measured  by  voltmeter  : 

Let  r  —  resistance  of  voltmeter; 
R  =  resistance  to  be  measured; 
d  =  deflection  of  voltmeter  with  R  not  in  circuit; 
d^  =  deflection  of  voltmeter  with  R  in  circuit. 

Then,  R  =  r  (^  -  l\.  (466.)     Art.  2546. 


FORMULAS    USED    IN    BATTERIES. 


ELECTROCHEMICAL  CALCULATIONS. 

js  =  electrochemical  equivalent  of  any  substance; 
IV=  weight  of    substance    liberated    by    electrochemical 

action  in  grams; 
//  =  heat  evolved  per  gram  of  substance  in  calories; 
//=  total  heat  evolved  in  calories; 
E  =  electromotive  force  in  volts; 
Q  =  quantity  in  coulombs; 
y  =  work  in  joules. 

Then,    W=  Qz.  (467.)  Art.  2583. 

H=Wh=Qzh  (468.)  Art.  2584. 

7=4.2  0^/^.  (469.)  Art.  2585. 

J=EQ.  (470.)  Art.  2586. 

E=4..'^hz.  (471.)  Art.  2587, 


E.  M.  F.  OF  THE   LATIMER-CLARK   CELL. 

Let  t  =  temperature    in    degrees    Centigrade    at    which 
measurement  is  made; 
E=  electromotive  force  of  cell. 

Then,  E  =  1.434  [1  -  .00077  (/  -  15)  ]  volts.     (472.) 

Art.  2693. 
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RULES    AND    FORMULAS    USED    IX    APPLIED 
ELECTRICITY. 


ELECTROMETALLURGY. 

I. —  The  quantity  of  a  metal  liberated  at  a  negative  electrode 
in  a  given  time  is  proportional  to  the  strength  of  the  current 
passing  through  the  electrolyte. 

II. —  The  quantity  of  a  metal  liberated  at  a  negative  elec- 
trode per  second  is  equal  to  the  strength  of  the  current  in 
amperes  multiplied  by  the  electrochemical  equii'alent. 

The  electrochemical  equivalents  of  metals  may  be  ob- 
tained from  column  6,  table  of  Principal  Chemical  Elements. 


GENERATION  OF  B.  M.  F.  IN  THE  DVNAMO. 

Let  B  =  the  density  of  the  magnetic  field,  lines  per  square 

inch;    . 
iV=  total  number  of  lines  of  force  cut  by  conductor; 
L  =  the  length  of  the  conductor,  inches; 
A/=  velocity  of  conductor  at  right  angles  to  lines  of 

force,  inches  per  second; 
£  =E.  M.  F,  generated. 

Then,     A  =  ?A^.  (473.)     Art.  3018. 

Let  /"  =  angle  between  path  of  conductor  and  direction 

of  lines  of  force ; 
s°  =  angle  between  conductor  and  the  direction  of  the 

path  of  one  of  its  points; 
r°  =  angle  between  conductor  and  direction  of  lines 

of  force. 

_,          .,      B  L  Af  sin  p°  sin  s°  s'm  r°  /  «-— x 

Then,  /:  =       ^, .  (477.) 

^"  Art.  3024. 

If  the  conductor  moves  in  a  circular  path  of  radius  r  and 

makes  5  revolutions  per  minute,  r  and  s  become  each  90°, 

and  formula  477  reduces  to 

_  2rrBA5sin/°  _  NrSsinp° 
~         10'  X  60         ~     10'  X  60   * 
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When  E  is  at  its  maximum  value,   j5'„„  /  =  90°  and  sin 
/>  =  1;  hence, 

N-kS 
Em  =  ^Q.  ^  g-Q-  (479.)     Art.  3046. 

Let  ^  =  total  number  of  conductors  on  surface  of  arma- 
ture; 
N=  total  lines  of  force  from  one  pole-piece  cut  by  the 

conductors; 
S  =  revolutions  per  minute  of  armature. 

Then,  E=qI^Iq.  (480.)     Art.  3104. 

In  a  two-circuit  ring  winding, 

^=^^.  (482.)     Art.  3136. 

where/  =  number  of  pairs  of  poles. 

If  in  windings  are  employed  on  the  same  armature  (in 
multiple  windings), 

^=W^.-  (*85.)     Art.  3168. 

For  multiple-wound  two-circuit  windings, 
„_     cpNS 


60  X  10"  m 


(486.)     Art.  3168. 


THE  FORCB  TENDING   TO  MOVE  A   CONDUCTOR   IN   A 
MAGNETIC   FIELD. 

Let  A  =  current  in  absolute  units; 

L  =  length  of  conductor  in  centimeters; 
B  =  density  of  field,  lines  of  force  per  sq.  cm. ; 
/  =  force  acting  on  conductor  in  dynes. 

Then,     /=ABL.  (478.)     Art.  3028. 


FORMULAS  USED  IN  ELECTRIC  TRANSMISSION. 


COPPER  WIRE, 

Let    W  =  weight  of  copper  wire  per  mile  in  pounds; 
R  =  resistance  of  copper  wire  per  mile  in  ohms; 
d  =  diameter  of  wire  in  mils. 
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Then,       IV=  — -•  (490.)     Art.  3277. 


62.5 
r,      56,970 


(491.)    Art.  3277. 


To  calculate  the  resistance  of  given  length  and 
diameter  : 

Let    L  =  length  in  feet; 

d  =  diameter  in  mils; 

K  =  constant   from  the  following  table  correspond- 
ing to  the  given  temperature; 
Rf  =  resistance. 


Then,      R,  =  ^,K. 


(492.)     Art.  3285. 


Resistance 

Resistance 

Resistance 

per  Mil- 
Foot  in 
Legal 
Ohms. 

Tempera- 
ture F. 

per  Mil- 
i    Foot  in 
1      Legal 
Ohms. 

Tempera- 
ture F. 

per  Mil- 
Foot  in 
Legal 
Ohms. 

Tempera- 
ture F. 

lO.OO 

50-47 

j      10.60 

78.01 

1 1. 10 

100.40 

lo.  lO 

55-15 

10.70 

82.47 

11.20 

104.36 

I0.20 

59-79 

10,80 

86.90 

11.30 

108.64 

10.30 

64.40 

10.90 

91-31 

11.40 

112.90 

10.40 

68.97 

11.00 

95-69 

11.50 

117. 14 

10.50 

73-51 

RESISTANCE   OK  IRON    AM)    STEEL   WIRE. 

Let  ii  =  diameter  of  wlw  in  mils; 

R  =  resistance  of  wire  per  mile  in  ohms. 
Then,  for  wrought-iron  wire  of  good  quality, 
360,000 


R  = 

a- 

For  steel  wire, 

„      470,000 
A  = 7^ — 


(493.)     Art.  3288. 


(494.)     Art.  3288. 
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PERCENTAGK  CONDUCTIVITY. 

Let  R  =  the  resistance  per  grain-foot  of  a  pure  metal  wire 
at  a  temperature  /,  from  the  tables; 

L  =  the  length  of  the  wire  to  be  tested; 

w  =  weight  of  the  wire  to  be  tested; 

r'  =  the  calculated  resistance  in  ohms  of  a-pure  metal 
wire  of  the  same  weight,  length,  and  temperature ; 

r"  =  the  observed  resistance  in  ohms  of  the  wire  to  be 
tested; 

X  =  percentage  conductivity. 

Then,  r'=—=  — .  (495.)     Art.  3300. 

WW  ^  ' 

T 
x~lQO^.         (496.)     Art.  3300. 


DROP  OF  POTENTIAL  AND  LINE  LOSS. 

Let  e  and  e'  =  potentials  at  two  points  of  a  conductor; 
E  —  e  —  e'  =  drop  of  potential ; 
R  =  resistance  of  conductor  between  the  two 

points; 
C  =  current  flowing  between  the  two  points; 
W  =  energy  loss. 
Then,  the  application  of  Ohm's  law  gives 
^      e-e'       E 


u 

~     R 

R' 

E  = 

■■CR. 

'  (499.) 

Art. 

3303. 

R  = 

E 
'  C 

(500.) 

Art. 

3303. 

W  = 

■.CR. 

(501.) 

Art. 

3306. 

When  the  loss  in  a  circuit  is  given  as  a  percentage,  it 
is  not  to  be  taken  as  applying  to  the  voltage  at  the  receiving 
end  of  the  line,  but  at  the  dynamo  or  switchboard. 

Let    F=  voltage  at  dynamo; 

V'=  voltage  at  the  receiving  end  of  line; 
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p  =z  per  cent,  of  loss; 

£  =  actual  drop  on  line  in  volts. 


FORMULAS  USED  IN   ELECTRIC   RAILWAYS. 


CONDUCTORS  FOH  TRANSMISSION  OF   POl^i'ER. 

Let  R  =  resistance  of  conductor  in  ohms; 
D  =  length  of  conductor  in  feet; 
C=  current  in  amperes; 
d  =  diameter  of  conductor  in  mils; 
e  =  drop  in  volts. 

10  79  D 
Then,R  =  ^^^-.  (Sri.)     Art.  3399. 

d'  =  1M^_^.  (512.)     Art.  3399 

e  =  ^^y^.  (513.)     Art.  3399. 

For  a  uniformly  distributed  load: 

d'  =  ^ii£^.  (514.)     Art.  3399. 

^^oACD  (5X5.)     Art.  3399. 

Safe  current  for  feeders: 

C=\\^.  (516.)     Art.  3400. 


POW^EH    RKQlIWi:!)    FOR    ELF.CTRIC   STRF-KT-H AII.^I'AV 

CARS. 

Let     /  =  force  used  for  propulsion  in  pounds; 
f  =  force  required  for  starting  on  a  grade; 
F  =  force  required  to  give  a  car  a  given  speed  in  a 
given  time; 
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F'  =  force  required  to  give  a  car  a  given  speed  in  a 

given  time  on  a  grade; 
/  =  per  cent,  grade; 
IV  =  weight  of  car  in  tons ; 
tv  z=  weight  of  car  in  pounds; 
Tv'  =  weight  on  drivers  in  pounds; 
s  =  speed  of  car  in  miles  per  hour; 
/  =  time   during   which   acceleration    takes  place, 
seconds ; 
f/  =  total  horsepower  of  motors; 
//  =  perpendicular  distance  ascended  per  minute  in 

feet; 
D  =  horizontal  distance  traveled  per  minute  in  feet; 
E  =  efficiency  of  motor; 

G^  =  per  cent,  grade  at  which  slipping  occurs; 
G,.  =  maximum   grades  which    a    running    car    will 
ascend ; 
r  =  track  resistance,  pounds  per  ton  weight  of  car; 
a  =  ratio  of  adhesive  force  to  weight  on  drivers. 

Then,      /  =  30  fK  (522.)     Art.  3428. 

/=r  JV.  (523.)     Art.  3428. 

^  =  1^50^-  ('^^-^     Art.  .3429. 

/'  =  (70  +  20/)  W.  (525.)     Art.  3431. 

91  1  Ws 
/^  =  /+        /     .  (527.)     Art.  3432. 

F'  =f-\-  ^1^-1!^  -I-  20  Wp.  (529.)     Art.  3433. 

Average  H.  P.  at  starting  of  car  =.00133  F'  s.  (530.) 

Art.  3434. 
When  the  whole  weight  of  the  car  is  on  the  drivers: 

^       2,000^;  — 70  ^  ,__^   ,      .    ^    o^oK 

G,  =  — — percent.  (531.)     Art.  3435. 

When  —  of  the  weight  is  on  the  drivers, 

X 

!iMf  _7o 
6.  =  — ^^-— per  cent.  (532.)     Art.  3435. 
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When  the  car  is  running,  only  30  pounds  per  ton 
is  necessary  for  propulsion,  and  the  limit  of  grade  which  may 
be  ascended  is,  letting  G^  =  maximum  grade  which  a  run- 
ning car  will  ascend, 

Gr  =  — '^-^r^ per  cent.  (533.)     Art.  3436. 


RULES    AND    FORMULAS  USED   IN   ELECTRIC 
LIGHTING. 


POW^ER  REQUIRED  FOR  IXCAXDESCEXT  LAMPS. 

The  comirton  candle-po\*ers  for  incandescent  lamps 
are  8,  10,  16,  20,  32,  50,  and  100.  The  16  candle-power  and  32 
candle-power  are  most  generally  used. 

The  same  incandescent  lamp  may  be  used  on  either  alter- 
nating or  direct  current  circuits. 

Rule. —  The  pozver  required  for  the  average  iiuandescent 
lamp  may  be  calculated  by  allowing  about  3.^4  watts  per 
candle,  so  that  a  16  candle-pozver  lamp  requires  about  16  x 
3.4^.  =  55  watts. 

Rule. — In  figuring  the  number  of  lamps  which  a  certain 
engine  horsepoxvcr  can  supply,  it  is  customary  to  alloiv  10 
Edison  16  candle-power  lamps  per  indicated  horsepoxver. 

The  current  required  for  16  candle-power  lamps  of  different 
voltages  is  given  below,  figured  on  a  basis  of  55  watts  per 
lamp  : 


Electromotive 
Force  in  Volts. 

no 
75 
55 


Current 
in  Amperes. 

.5000 

.7338 
1. 0000 
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CANDLE-POWDER. 

Let  L  =  light  from  standard  candle  ; 

D  =  distance  between  candle  and  screen  ; 
d-=  distance  between  lamp  tested  and  screen; 
/  =  light  from  the  lamp  tested. 

Then,  /=^. 

Since  L  is  taken  as  a  standard  candle,  or  unity ^  the  candle- 
power  of  the  lamp  tested  is 

/=^.  (534.)     Art.  3472. 

That  is  to  say,  the  intensity  of  the  light  received  by  an 
object  varies  inversely  as  the  square  of  its  distance  front  the 
source. 

The  mean  spherical  candle-po'wer  is  the  average 
candle-power  on  the  surface  of  a  sphere  with  the  light  as  its 
center. 

Rule. —  The  mean  spJierical  candle-pozver  of  an  arc  lamp 
is  equal  to  one-half  the  mean  horizontal  candle-power  plus 
one-quarter  the  maximum  candle-poiver. 

Rule. — If  the  horizontal  candle-pozver  of  an  Edison  in- 
candescent lamp  is  i,  the  mean  spherical  candle-power  is  .98. 
At  an  angle  of  4^°  from  the  horizontal,  the  candle-potver  is 
1.33.  Similarly,  the  spherical  intensity  of  a  Maxim  lamp  is 
.11  Jf,  and  of  a  Swart  or  Lane-Fox  lamp,  .58.    Art.  3474, 

To  determine  whether  an  arc  lamp  is  giving  as 
much  light  as  is  being  paid  for. 

Measure  by  vteans  of  a  standard  voltmeter  the  voltage  at 
the  terminals  of  the  lamp  and  deterntine  with  an  ammeter 
the  current  flozving.  If  the  product  is  equal  to  or  greater 
than  Jf.50  for  a  2,000  candle-power  lamp,  or  300  for  a  1,200 
candle-power  lamp,  the  quantity  of  light  paid  for  at  these 
ratings  is  actually  given  off  or  exceeded.     Art.  3475. 
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GBXBRAL  FORMULAS    RELATING   TO   ELECTRIC 
LAMPS. 


Let  E  =-  efl&ciency  of  lamp ; 

C=  current  passing  through  lamp; 
£■  =  E.  M.  F.  between  terminals; 
IV  =  electrical  power  in  watts; 
R^  =  resistance,  hot. 
E.  H.  P.  =  electrical  horsepower. 


„,             ^       mean  spherical  candle-power  /-.^b-  \ 

Then,      E  = ^ ^=7- (535.) 

^  Art.  3476. 

Ru  =  ^'  (536.)     Art.  3476. 

IV  =  E  C=C*  R^.  (537.)    Art,  3476. 

The  electrical  horsepower  per  lamp: 

E.  H.  P.  =  1-^  =  ^.  (539.)     Art.  3476. 

Lamps  per  E.  H.  P.  =  -^-^  =  ^,  „■.  (540.) 

^  ^       ^    ^*  Art.  3476. 

Candles  per  E.  H.  P.  =  '^'  ^V^^^"^^'-  (54 1 .) 

Art.  3476. 


£C 


->4.  /'•  i^' 
Heat  units  per  second  per  candle  =  ^^^^ — - —  calories.      (542.) 

*^-  P-  Art.  3476. 

Watts  per  candle-power  = = -.  (543.) 

'P-        "=•>•  Art.  3476. 


CALCULATIONS  TOW  l.\c A.\l>l.SCi:.\ T   l.lGIlTlNt;    CIRCl'ITS. 

Let  Rf  =  resistance  per  foot  of  the  conductor ; 
£  =  drop  in  volts  in  the  circuit; 
N  =  number  of  16  c.  p.  lamps; 
£  =  distance   in  feet   from  dynamo  or  distributinj^ 

board  to  lamps; 
A  =  area  of  conductor  in  circular  mils. 
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E 
For  110- volt  circuits,  i?^=-i^^.  (547.)     Art.  3533. 

E 
For  65-volt  circuits,  Rj -  ^^p-       (548.)     Art.  3534. 

10  9,N  F 
•For  110-volt  circuits,  A  =  -^ — .    (549.)     Art.  3535. 

«  ^^         1.       •  :         y,         21.6  NF  /a,-,^x 

For  55-volt  circuits,  A  = -^ .  (550.) 

Art.  3535. 

If  the  drop  E  is  required,  formulas  547  to  550  may  be 
transposed.     Thus  for  110-volt  circuits, 

(553.)  Art.  3537. 
(554.)  Art.  3537. 


(555.)  Art.  3537. 
(556.)  Art.  3537. 

(557.)  Art.  3538. 
(558.)  Art.  3538. 


Rule. — /n  determining  the  safe  carrying  capacity  of  con- 
ductors for  the  three-wire  system,  remember  that,  with  the 
same  number  and  kind  of  lamps,  the  conductor  carries  only 
one-half  the  current  of  a  conductor  installed  on  the  multiple- 
arc  system. 

Rule. — No  wire  smaller  than  a  No.  16  B.  &•  S.  gauge  should 
be  used  in  any  dynamo  circuit,  nor  any  wire  smaller  than  a 
No.  IJf.  B.  &  S.  in  any  inside  wiring. 


E  = 

RfNF. 

E  = 

10.^  NF 
A      ' 

and  for  55-volt  circuits, 

E  = 

2RfNF. 

E  = 

21.QNF 
A       ' . 

For 

a  three 

-wire  system, 

Rf 

~  NF' 

A  = 

oANF 
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FORMULAS     USED     IX     DYXAMO-ELECTRIC 
MACHINE    DESIGN. 

(continuous-current.  ) 


HBATING  IN  ARMATURE  AND  FIELD  SPOOLS. 

Let  t  =  temperature  rise  in  degrees  Fahrenheit; 
zu  =  watts  expended  in  heat; 
s  =  surface  of  armature  in  square  inches; 
V  =  peripheral  velocity  in  feet  per  second. 

'^''-"■^=.(l  +  a0W18.)-  <*«»•)     Art.  3546. 

Let   /  =  temperature  rise  of  spool  in  degrees  Fahrenheit; 
za  z=  watts  expended  in  coils; 
s  =  surface  of  spools  (wire  only)  in  square  inches. 

Then,       /  =  ^^.  (560.)     Art.  3550. 


ARMATURE  AMPERE-TURNS. 

Let       C=  current  flowing  through  armature; 

c  =  number  of  conductors  on  periphery  of  arma- 
ture; 
Ala  =  total  ampere-turns  of  armature; 
Atg  =  field   ampere-turns   required  to  overcome  re- 
luctance of  air-gaps; 
At^-=  back  ampere-turns; 
Atc  =  cross  ampere-turns; 
B'p=  density  of  lines  of  force,  per  square  inch,  in 

leading  pole  tip; 
B'g  =  density  of  lines  of  force  in  following  pole  tip; 
B^  =  induction  at  center  line ; 
/g  =  length  of  single  air-gap  in  inches; 
/    =  180°  less  twice  the  angle  of  lead; 
r  =  angle  of  lead  of  brushes. 

3.m(^-^') 

Then,  B'„  = ^ ^-^.  (566.)     Art.  3656. 

U.  E.    y/.— 44 
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fAt„  ,  Ccy 


3.192 


(t-^¥) 


6"^= ^— '-.  (567.)     Art.  3557. 

B„  =  H!^.  =  H?e£^_£,  (568.)     Art.  3558. 

'^^g  l-g 

Effect  of  back  ampere-turns : 

At^^^J-.  (569.)    Art.  3561. 

Cross  ampere-turns : 

Limiting  value  of  air-gap  density  : 


B.= 


(573.)     Art.  3564. 


Limiting  values  of  cross  and  armature  ampere- 
turns  : 

For  a  bipolar  drum  winding, 

At,  =  \At„,  (574.)     Art.  3568. 

At^  =  ~^^-^,  (577.)     Art.  3569. 

For  a  bipolar  ring  winding, 

At,=^\At^.  (578.)     Art.  3570. 

At,  =  ^^^.  (579.)     Art.  3571. 

Limiting  volume  of  current  : 

Let  C  =  current  flowing  in  each  conductor; 

V  =  volume  of  current  flowing  across  armature. 

Then,       V  =  C  c.  (580.)     Art.  3573. 

Vz:z^At^.  (581.)     Art.  3574. 
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For  a  drum  winding, 


V=^     p \         (582.)     Art.  3574. 
For  a  ring  winding, 

^^180^^/,^  (583.)     Art.  3575. 

Formulas  582  and  583  hold  not  only  for  bipolar  ma- 
chines  but  also  for  those  of  the  multipolar  type. 


ARMATURB  AMPERE-TURNS;   MULTIPOLAR  DYXAMO. 

In  addition  to  the  symbols  previously  given,  let  P=  num- 
ber of  poles,  and  /  =  angle  embraced  by  pole-piece. 

At,.  =  ^^.  (584.)     Art.  3577. 

^/.=  C'x|^Xr  =  ^.  (585.)    Art.  3578. 

Ata  =  ^-  (586.)     Art.  3579. 

For  a  multiple-circuit  winding, 

Afa  =  ^-  (587.)     Art.  3580. 

For  a  two-circuit  winding, 

At^  =  ^.  (588.)     Art.  3581. 


LENGTH  OP  AIR-GAP. 

Let  /  =  length  of  single  air-gap; 
w  =  width  of  armature  slot. 

Then,  for  densities  approximating  32,000  lines  of  force  pef 
square  inch, 

/>^.  (589.)     Art.  3589, 
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For  densities  approximating    50,000   lines   of   force    per 
square  inch. 

w 
/  =  — .  (590.)     Art.  3590. 

Also,  for  high  densities, 

ID 

/>y.  (591.)     Art.  3591. 


size  OF   WIRE   FOR  SHUBJT   WIXDIBJG. 

Let  A  =  area  of  cross-section  in  circular  mils; 

/,„  =  mean  length  in  feet  of  one  turn  of  wire; 
At  ^  ampere-turns  for  the  magnetic  circuit; 
E^,  =  E.  M.  F.  at  the  brushes; 
e  =  drop  of  potential  through  field  regulator. 

Then,  A  =  ^^  Xj^'n  X  ^^.  (592.)     Art.  3624. 


RELATION  OF  SHUNT  RESISTANCE  TO  ARMATURE 
RESISTANCE. 

Let  E  =  electrical  efficiency; 
r„  =  resistance  of  armature; 
rg  =  resistance  of  shunt. 

Then,  E  = ^—-=.  (593.)    Art.  3633. 


PROPORTION  OF  SHUNT  AND  SERIES  'WINDINGS. 

Rule. —  T/ie  energy  loss,  in  watts,  of  the  shunt  and  series 
windings  of  a  compound  dynamo  sJiould  be  proportioned  to 
the  respective  ampere-turns  carried  by  each  coil. 


DIVISION  OF  SHUNT  W^INDING. 

Let      A  =  total  winding  area  in  cross-section; 
A^=^  required  area  for  larger  wire; 
A^-=.  required  area  for  smaller  wire; 
i?,=  specific  resistance  of  larger  wire; 
/?,=  specific  resistance  of  smaller  wire; 
R  =  sum  of  the  specific  resistances  of  the  two  wires 
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Then,  ^=  ^'  whence  A^  =  ^"^  ^  ^'-  (594.) 

^=§,      and     ^,  =  ^1^.  (595.) 

Art.  3648. 


ELECTRICAL,   EFFICIENCY. 

The  electrical  efficiency  is  the  ratio  of  the  useful  output  to 
the  total  output,  and  is  therefore  usually  high.  This  ratio 
may  be  expressed  as  a  per  cent,  as  follows: 

E  =  ^^-,  (596.)     Art.  3668. 

where    e  =  E.  M.  F.  at  brushes; 

E  =  total  E.  M.  F.  generated; 
.     C  =  current  available  for  outside  circuit: 
C.  =  total  current  in  armature. 


COMMERCIAL   EFFICIENCY. 

Let  /=  the  input  of  a  dynamo,  or  the  power  applied  at 
the  pulley; 
O  =  the  output; 

E  =  the  per  cent,  commercial  efficiency; 
L  =  per  cent.  loss. 

Then,  E  =  ^-.  (597.)  Art.  367  i , 

^^100(7- (^)  ^^^^^^  Art.  3672. 

^^100^  (599.)  Art.  3673. 

0  =  -—  (60<>.)  Art.  3674. 

I  (JO 
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FORMULAS    USED    IIV    MOTOR    DESIGN. 


COUNTER  E.   M.  F.  OF  MOTOR. 

Let  E  =  E.  M.  F.  between  mains; 
E^  =  counter  E.  M.  F.  of  motor; 
C  =  current  flowing  through  armature; 
7?„  =  resistance  of  armature. 

Then,  E  =  E^+  CR,.  (601.)     Art.  3783. 


TORQUE. 

Let  C,n  =  current  flowing  through  armature ; 

C  =  total  number  of  conductors  on  armature; 

N  =  total  magnetic  flux; 

T'  =  total  torque  exerted  on  armature  in  foot-pounda 

Then,   C„.  =  — ^^.  (603.)     Art.  3786. 

N  CC 
r'  =  . 00117-^^.  (605.)     Art.  3787. 


SPEED   OF  SHUNT  MOTORS. 

Let   n   =  number  of  revolutions  of  motor  per  second; 
C  =  total  number  of  conductors  on  armature; 
N  =  total  magnetic  flux; 
E^  =  counter  E.  M.  F. 

Then,  E^  =  -j^  ;  or, 

n  =  ^f^-  (606.)     Art.  3794. 


SERIES  MOTOR  CIRCUIT. 

Let   ^  =  E.  M.  F.  between  mains; 
E„^  =  counter  E.  M.  F. ; 
C  =  current ; 

R^  =  resistance  of  armature; 
Rj,  =  resistance  of  field. 

Then,  E=E„+CR,+  C R^.  (607.)     Art.  3797. 
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OUTPUT  AND  EFFICIENCY   OF  MOTORS. 

Let  J?  =  E.  M.  F.  between  mains; 
E^  =  counter  E.  M.  F. ; 
C  —  current  flowing  through  armature; 
c    =  current  through  shunt  field. 

For  a  Series  Motor:  — 

Total  energy  supplied  from  mains  =  C  E.  (608.) 

Art.  3817. 

Energy  developed  in  armature  =  C E^.  (609.) 

Art.  3817. 

C  F        E 
Electrical  efficiency  =  y^  = -^.  (61 0.) 

^^        ^  Art.  3817. 

For  a  Shunt  Motor:  — 

Total  energy  supplied  =  C  E  -\-cE.  (611.) 

Art.  3817. 

Energy  developed  =  C E^.     Art.  3817. 

C  E 
Electrical  efficiency  =  ^,^7   v  (^^  2*)     ^^^^^  ^®  ^  ^' 


FORMULAS    USED    IN    THEORY    OF    ALTER- 
NATIXG-CURREXT    APPARATUS. 


FREQUENCY  AND  PERIOD. 

Let  n  =  frequency,  or  number  of  cycles  per  second ; 
/  =  period,  or  time  of  one  cycle. 

Then,  «  =  y.  (613.)     Art.  3844. 


SELF-INDUCTION. 

Let  L  =  coefficient  of  self-induction; 

N  =  number  of  lines  corresponding  to  a  current  of 

one  ampere , 
7^=  number  of  turns. 
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Then,        ^- =  ^^  (614.)     Art.  3875. 

magnetic  flux  X  turns  /^-.^x       »    ^    ,^t>»^ 

henrys= 2 — ^ ,  (615.)      Art.  3875, 

^  current  X  10'  ^  ' 


CIRCUITS  CONTAINING  RESISTANCE  AND 
SELF-INDUCTION. 

Average    and     Effective    Induced    E.    M.    F. — Let 

C=  effective  current  flowing  through  the  circuit.  Then, 
using  the  notation  of  the  preceding  formulas,  the  average 
induced  E.  M.  F.  is 

4-  TV  Tn 
E  av.  =       j|^3     ;  (616.)     Art.  3882. 

and  the  effective  induced  E.  M.  F.  is 

_      4-  44  TV  Tn 
£=t^^JlJJl,         (617.)     Art.  3882. 

L=  _   ^-^ .  (618.)     Art.  3884. 

Combining  formulas  617  and  618, 

£  =  27rnLC.  (620.)     Art.  3884. 

Impressed  E.  M.  F. — 

Let  E  =  the  impressed  E.  M.  F. ; 
R  =  resistance  of  circuit. 

Then,  E' =  C' R' +  4.7:' tiT  C\  (621.) 

Art.  3889. 


and  E  =  C^/R"  +  (2  tt  «  L)\  (623.)     Art.  3889. 

Denoting     by     the      term      impedance      the      quantity 
/\/R'^{^i:nL)\ 

r=-=£=,  (624.)     Art.  3891. 

ii/R'j^^%^nLY 

E.  M.  F. 

or  current  =  ^- -z. . 

impedance 
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Angle  of  Lag:. — 

Let    ^  =  angle  of  lag. 

Then,  tan  ^  =  ^~"^.     Art.  3892. 

A. 


CAPACITIES. 

Let  y,  and  y,  be  the  two  separate  capacities,  and  y,  the 
combined  capacity. 

If  the  capacities  are  connected  in  parallel^ 

/  =  /,+/,. 
If  connected  in  series, 

1=1  +  1. 
°'"'  /^  /'+/•  (626.)     Art.  3896. 


CIRCUITS  CONTAINING  RESISTANCE 
AND  CAPACITY. 

Effective  E.  M.  F.  to  Overcome  Capacity  or  Con- 
denser E.  \I.  F. — 

Let  E  =  maximum  E.  M.  F.  applied  at  terminals; 
y"  =  capacity  in  farads; 
n  =  frequency; 
C  =  maximum  current; 
C  =  effective  current. 

Denoting  by  E  the  effective  E.  M.  F.  required  to  over- 
come capacity, 

C=2i:n/E.         (628.)     Art.  3905. 

E  =  5-^-  (629.)     Art.  3905. 

alt  n  J 

r 

E= J.  (630.)     Art.  3905. 
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Impressed  E.  M.  F. — 

Denoting   now   the   impressed    E.  M.  F.    by   E   and   the 
resistance  of  the  circuit  by  R, 


E  =  C\/f^-^{j^^  (633.)     Art.  3910. 

r= ^  (634.)     Art.  3910. 

Angle  BetM^een  Current  and  E.  M.  F. — 

Let  ^  =  angle  by  which  the  current  leads  the  E.  M.  F. 

Then,  tan  ^  ==        ^  (631.)     Art.  3908. 


CIRCUITS  CONTAINING   RESISTANCE,  SELF- 
INDUCTION,  AND  CAPACITY. 

The  symbols  have  the  same  meanings  as  in  the  preceding 
formulas.  E  denotes  the  effective  impressed  E.  M.  F.  and 
C  the  effective  current. 


E^C  ^/r'  +  (2  tt  «  Z  -  H-^V.  (636.) 


Art.  3913. 


C=      n—. r-^.  (637.) 

f  ^«+(2^«^-^y)  Art.  3913. 


Iizn  L  — 


tan^  =  — ^^""^-^ .  (638.)     Art.  3914. 

Frequency  for  Maximum  Current. — 

If  the  self-induction  is  neutralized  by  the  capacity, 

"iiz  n  L 


JL 


whence   «=  ol7  y-rV-  (639.)     Art.  3916. 
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PO^^'ER  DELIVERED  TO  ALTERXATIXG- 
CURREXT  CIRCUIT. 

Using  the  preceding  symbols, 

average  power  =  E  C  cos  0.  (640.)     Art.  3925. 


POWER   MEASUREMENTS. 

Three-Voltmeter  Method. — 

Let  £^  ==■  pressure  across  circuit ; 

£^  =  pressure  across  non-inductive  resistance  • 
£  =  pressure  across  both  combined ; 
C  =  effective  current; 
■    R  =  non-inductive  resistance ; 
W=  power  in  watts. 

Then,    IV  =  J- {£'-£,'-£,*).  (641.) 

Art.  3948. 

W=-^{£'-£ '-£*.)  (642.)    Art.  3948. 

Three-Ammeter  Method. — 

The  non-inductive  resistance  is  connected  in  parallel  with 
the  circuit  under  test. 

Let  C  =  current  in  main  circuit ; 
C,  =  current  in  resistance ; 

C,  =  current  in  circuit  in  which  the  power  expended 
is  to  be  measured. 

Then,  Jr=  ^  {O  -  Q  -  C^*).  (643.) 

Art.  3949. 

JF  =  -£-  (C*  -  r,'  ~  C*).  (644.)    Art.  3949. 
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rREQUENCY,  SPEED,  AND  NUMBER  OF  POLES  OF  SINGLE- 
PHASE    ALTERNATOR. 

Let  n  =  frequency ; 

P=  number  of  poles; 

P 

p  z=.  —  ■=.  number  of  pairs  of  poles; 

s  =  number  of  times  per  second  coil  is  moved  past 
poles,  or  number  of  revolutions  per  second. 

Then, 


p 

(645.) 

Art. 

3950. 

n  —ps. 

(646.) 

Art. 

3956. 

n 

(647.) 

Art. 

3956. 

E.  M.  F.  GENERATED  BY   ALTERNATORS. 

Let    s  =  revolutions  per  second ; 
/  =  number  of  pairs  of  poles; 
7V"=  number  of  lines  flowing  from  one  pole; 
T  =  number  of  turns  in  series; 
E  =  effective  E.  M.  F. 

Then,  ^  =  ^-^Yq/     •  (648.)     Art.  3960. 


CURRENT,  E.  M.  F.,  AND  OUTPUT  OF  THREE-PHASE 
ALTERNATORS. 

Let  E  =  line  voltage ; 

s  =  volts  generated  per  phase; 

C  =  line  current ; 

c  =  current  per  phase  or  current  in  windings; 

IV  =  total  output  in  watts. 

For  a  Y-connected   Winding:  — 

J"  =  2  7  cos  60°  =  74/3.  (649.)     Art.  3992. 

-      E 

f  =  —  (650.)     Art.  3992. 
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r=?. 

(651.) 

Art. 

3992. 

W=  CE^. 

(652.) 

Art. 

3992. 

a  A  Winding  :- 

- 

E^l. 

(653.) 

Art. 

3994. 

C=~c'/Z. 

(654.) 

Art. 

3994. 

-     c 

(655.) 

Art. 

3994. 

W=C  E^. 

(652.) 

Art. 

3994. 

TRANSFORMERS. 

Let  Tp  =  number  of  turns  in  primary  coil; 
7",  =  number  of  turns  in  secondary  coil; 
Ep=E.  M.  F.  of  line; 
E,  =  E.  M.  F.  set  up  in  secondary  coil; 
Cp  =  current  in  primary  coil ; 
C,  =  current  in  secondary  coil. 

Then,       ^  =  ^;  (656.)     Art.  4004. 

E,      ■' . 

or,  E,  =  Ep^:  (657.)     Art.  4004. 

Cp  =V,~'=  C,  ^.  (658.)     Art.  4009. 

'Ep         'Tp 

Single-Phase  Alternating  Transformer. — 

Let  E  =  alternating  voltage ; 
V=  direct  voltage. 

Then,     E  =  .707  V.  (660.)     Art.  4051. 

Three-Pliase  Alternating  Transformer. — 

"With  the  notation  of  formula  660, 

E=JjVZy.  (661.)     Art.  4053. 
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FORMULAS    USED    IN    DESIGN    OF    ALTERNA- 
TING-CURRENT   APPARATUS. 


HYSTERESIS  LOSS. 

Let    V   =  volume  of  iron  in  cubic  centimeters; 

B  =  maximum  magnetic  density  at  which  iron  is 
worked ; 

n  =  number  of  cycles  through  Avhich  the  magnetism 
is  carried  per  second ; 

lVji=  energy  in  watts  expended  in  hysteresis; 

k  =^  a.  constant  depending  upon  the  magnetic  quali- 
ties of  the  iron  under  consideration. 

Then,   IVh=—^^^''\  (662.)     Art.  4068. 

The  value  of  the  constant  k  may  be  taken  at  .002  to  .0025 
for  soft  transformer  iron,  and  as  .0033  for  armature  iron. 


E.  M.  F.  FOR  VARIOUS    ARMATURE  'WINDINGS. 

Single-Phase  Windings. — 

Let  E  =  effective  E.  M.  F. ; 

T  =  total  number  of  turns  connected  in  series  on  the 

armature; 
iV=  total  flux  from  one  pole; 
n  =  frequency ; 

>^  =  a  constant  depending  upon  the  style  of  winding 
used. 

_       A-  AA-kn  N  T 
Then,  ^  =  ^-^^^^V'^\  (668.)    Art.  4089. 

The  values  of  k  are  as  follows: 

Single-coil,  or  concentrated,  winding i.ooo 

Two-coil  winding 707 

Three-coil  winding 667 

Uniformly-distributed  winding 6^,6 
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Polyphase  Windings. — 

Let  £  =  E.    M.    F.  generated  />i'r  phase  in    a    polyphase 
armature; 
T  =  number  of  turns  connected  in  series  per  />/uise ; 
.V  =  flux  from  one  pole; 
//  =  frequency; 

^  =  constant  depending  upon  the   arrangement  of 
the  winding. 
Then, 

£  =  ^-^^^^^  ^\  (670.)     Art.  4090. 

The  values  of  k  are  as  follows : 

Winding  with  one  group  of  conductors  per  pole  per 

phase i.ooo 

Two-phase  winding,  uniformly  distributed 900 

Three-phase  winding,  uniformly  distributed 950 

Three-phase  winding  with  two  groups  of  conductors 

per  pole  per  phase 965 

Formula  670  applies  also  to  induction-motor  windings. 

RESISTANCE  OP  A  CONDUCTOR. 

Let  L  =  length  of  wire  in  feet; 

m  =  area  of  cross-section  in  circular  mils; 

R  =  resistance  of  a  g^ven  length  of  the  conductor; 

k  =  resistance  of  one  mil-foot  of  the  wire. 

Then,        R  =  —.  (680.)     Art.  4139. 

For   copper   wire   at  ordinary  temperature,  k  =  10.4  to 
10.6;  hence, 

(cold)  R  =  ^^^.  (681.)     Art.  4139. 

The  resistance  per  mil-foot  at  the  working  temperature  is 
about  11.5  ohms;  hence, 

(hot)  R  =  Hii^.  (682.)     Art.  4 1 39, 
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CALCULATIOIV   OF    SEPARATELY-EXCITED  WINDING. 

Let  E=E.M.  F.  generated  by  exciter; 
e  =  drop  of  voltage  in  rheostat; 
R  =  resistance  of  a  pair  of  spools; 
/  =  number  of  turns  on  a  pair  of  spools; 
/^  =  mean  length  of  a  turn  in  feet ; 
m  =  cross-section  of  field  wire  in  circular  mils; 
C  =  current  in  field ; 
P=  number  of  poles; 

P 

/  =  —  =  number  of  pairs  of  poles. 

Then,   C=^^^^^\  (687.)     Art.  4177. 

R  =  Ihllnl,  (688.)     Art.  41 77. 

^_2{E-e)m_  {E-e)m  /«oq  a     Art  /t  i  >tt 

^-   11.6  PU  --^^^     PU     •  (^^^-^    Art.  4177. 

,«  =  ^^•y_^"^^^.  (690.)     Art.  41 77. 


PULLEY  AND  BELT  OF  GENERATOR. 

Let  s  =  belt  speed  in  feet  per  minute; 

r  =  number  of  revolutions  per  minute; 

d  =  diameter  of  pulley  in  inches; 

w  =  output  in  watts; 

d  =  width  of  belt  in  inches. 

Then,        ^=— .  (691.)     Art.  4200. 

TT  f 

^  =  -Jj^,  (692.)     Art.  4200. 
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MAGNETIC   FLUX   AXO   LENGTH    OF   FIELD   OF 
IXDUCTIOX   MOTORS. 

Let  N  =  flux  from  one  pole ; 

/  =  length  of  field  parallel  to  the  shaft ; 
/  =  number  of  pairs  of  poles; 
</,  =  inside  diameter  of  field ; 
B  =  maximum  magnetic  density  in  the  air-gap. 

Then.  JV=iMB  =  (iB 

2/  / 


(704.)     Art.  4257. 


CURRENT  IN   SECONDARY   1**INDING. 

Let  Cg  =  secondary  current; 
Cp  =  primary  current ; 

r  =  ratio  of  primary  to  secondary  conductors; 
k  =  power  factor. 

Then,       C,  =  ^.  (705.)     Art.  4261. 


M.  E.    VI.— 45 
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